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Introduction

One of the most important developments of" the twentieth century has been the move-

ment of humanity into space with machines and people. The underpinnings of that move-

ment--why it took the shape it did; which individuals and organizations were involved;

what factors drove a particular choice of' scientific ohjectives and technologies to be used;

and the political, economic, managerial, and international contexts in which the events of

the space age unfolded--are all important ingredients of this epoch transition from an

Earthbound to a spacefaring people. This desire to understand the development of space-

flight in the United States sparked this documentaQ' histoi T series.

The extension of human activity into outer space has becn accompanied by a high degree
of self-awareness of its historical significance. Few large-scale activities have been as exten-

sively chronicled so closely to the time they actually occurred. Many of those who were

directly involved were quite conscious that they were making histo_', and they kept full

records of their activities. Because most of the activity in outer space was carried out under

government sponsorship, it was accompanied hy the documentalw record required of
public institutions, and there has been a spate of oficial and privately written histories of

most major aspects of space achievement to date. When top leaders considered what

course of action to pursue in space, their deliberations and decisions often were caretifllv

put on the record. There is, accordingly, no lack of material for those who aspire to under:-

stand the origins and evolution of U.S. space policies and programs.

This reality, forms the rationale for this series. Precisely hecause there is so much histori-

cal material available on space matters, the National Aeronautics and Space

Administration (NASA) decided in 1988 that it would be extremely usefifl to have a selec-

tive collection of many of the seminal documents related to the evolution of the U.S. civil-

ian space program that was easily available to scholars and the interested public. While

recognizing that much space activity has taken place under the sponsorship of the

Department of Defense and other national security organizations, within the U.S. private

sector, and in other countries arotmd tile world, NASA felt that there would be lasting

value in a collection of documentary, material primarily focused on the evolution of the

U.S. government's civil space program, most of which has been carried out since 1958

under the agency's attspices. As a result, the NASA Histo_' Office contracted with the
Space Policy Institute of George Washington University's Elliott School of International

Affairs to prepare such a collection. This is the fonrth volume in the docttmentao, histo-

ry series; two additional ones detailing programmatic developments with respect to space
science and human spaceflight will follow.

The documents collected during this research project were assembled froin a diverse

number of both public and private sources. A major repositm T of primal, source materi-

als relative to the histo_, of the civil space program is the NASA Historical Reference

Collection of the NASA History Ott]ce located at NASA t Icadquarters in Washington, D.C.
Project assistants combed this collection [i>r tile "cream" of the weahh of material housed

there. Indeed, one purpose of this series from die start was to capture some of the high-

lights of the holdings at headquarters. Historical materials h<msed at the other NASA

installations, at institutions of higher learning, and at presidential libraries were other

sources of documencs considered for inclusion, as were papers in the archives of individ-

uals and firms involved in opening up space for exploitation.
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(:opies of more than 2,50t) docmnents in their original [brm collected during this project

(not just lit(' documents selected for inclusion), as well as a database that provides a guide
tt) their contents, will he deposited in the NASA l listorical Rel_erence Collection. Another

complete set of project lnaterials is located at the Space Policy Institute at (;et)vge

Washington University. These materials in their original form are available tot use t)y

researchers seeking additional information about the evolution of the U.S. civil space pro-

gram or wishing to consult the documents reprinted herein in their original torm.

The documents selected for inclusion in this volume are presented in four mi[jor chap-

te,s, each covering a particular aspect of access m space and the manner in which it has

developed over time. These chapters locus on the evolution toward the giant Saturn V

rocket, the development of the Space Shuttle, space transportation commercialization,

and future space transportation possibilities. Volunm I in this series covered the

antecedents to the U.S. space program, as well as the origins and evolution of U.S. space

policy and of NASA as an institution. Volume I1 addressed the relations between the U.S.

civil space progcam and the space activities o[ other countries, hetween the U.S. civil pro-

gram and national secu,ity space and militm T efforts, atttl hetween NASA and industry

and academic institutions. Volume II1 provided documents on satellite communications,

l'eltlOtC SeltSilig, arid the eCC,ltOtttic ofspace applications. As lnentioned above, lilt' l'elll:tilt-

ing tWO solmnes of the series will covey space science and hmnan spaceflight.

Each chapter in this volume is introduced hy an overview essay, prepared by individuals

who are parlicularly well qualitied to write on the topic. In the main. these essays are

intended to introduce and complement the documents in the chapter and to place them,

for the most part, in a chront)h)gical and substantive COlltexl. Each essay contains ceil:f-

ences to the documents in the chapter it introduces, and many also colltain rel_'rences to
docunlents in other chapters of the collection. These introductory essays are the respon-
sibility of their individual authors, and the views and conclusimls contained therein do not

tlecessavily represent the opinions of either (;eorge Washington University or NASA.

The project team, in concert with the essay writer; chose the documents included in each

chapter flom those assembled I/y the research staff for the overall pro.ject. The (OlttelttS
of this vohllttc emphasize primary f].ocltltletlts Ol- hmg-()ut-ot:print essays ov articles and

material fl()ln tilt' private recollections ot important actors in shalling space aftairs. Key

legislation attd polio,' statmnents are also included. The contents of this volume thus do

not comprise in themselves a comprehensive historical account; they must lie supple-

mented by other sources, those both aheady available and to become avail:hie in the
[llltll'e. Indeed, a few of the documents included in this collection are not complete; st)me

portions of them were still sul)ject to security classification as the volmne went to print.

"File docunients included in each chapter are genendly arranged chronologically; SOtlle-

times the flow of the essay's content net essilated that some documents be placed a little

out o[ chronological o,-der. Each document is assigned its own number in terms of the

chapter in which it is placed. As a resuh, the first document in Chapter Three of this w)l-

ume is designated "l)ocument Ill-l." Each document is accompanied I)y a headnote set-

ting ottt its COlttext and providing a hackground muTative. These headnotes also provide

specific informatio,t about people altd events discussed. We ]lave avoided tile inclusion of

explanatory', llOles ilt the doctlltlents then_selves and hart" confined such material to the

headnotes.
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Ttleeditorialmethodweadoptedfi>rpresentingthese documents seeks to preserve

spelling, grannnal3 paragraphing, and use of language as in the original. _,_,k'have some°

times changed punctuation where it entlances readability. We have used ellipses ("...') to

note where sections of a document have not I)een included in this publication, and we

have avoided including words and phrases that had been deleted in the original docu-

ment unless they contribute to an understanding of what was going on in the mind o[the

writer in making the record. Marginal notations on the original documents are inserted

into the text of the documents in brackets, each clearly marked as a marginal comment.

When deletions to the original document have been made in the process of declassifica-

lion, we have noted this with a parenthetical slalement in brackets. Except insolar as illus-

trations and figures are necessary to understanding the text, those items have been omit-

ted from this printed version. Page numl)evs in the original document ave noted in brack-

ets internal to the document text. (;opies of all documents in their original torm, howev-

er, are availahle for research by any interested person at the NASA llislory Office or the

Space Policy Institute of George Washington University.

We recognize that there are certain to he quite significant documents left out of this com-

pilation. No two individuals would totally agree on ;ill documents to I)e included fiom the
more than 2,500 thai we collected, and surely we have not been totally successth] in Iotat-

ing all relevant records. As a resuh, this docu_nentary histotv can false'an immediate ques-

tion from its users: why were some documents inchtded wfiile others of seemingly equal

importance weIc omitted? There can never be a thllv satis]aclolv answer to this question.
Our own criteria for choosing particular documents+and omitti(lg others rested on three
intertelated tactors:

• Ix the documcnl the best available, most expressive, most representative tel|eel|on of

a particular event or development important to the evolution of the space pr<>gram?
• Is the document not easily accessible except in <me or a few locations, or is it included

(for example, in pttblished compilations ofpresidential statements) in reference sources

that are widely available and thus not a candidate for inclusion in this collection?

• Ix the document protected by copyright, security classification, or some other fi>rm of

proprietat T right and thus unavailable [or publication?

As general editor of" this vohtme, I was uhimately responsible for the decisions about which

doCtmlents to inchlde all(t f'Ol" the aCCillacv ()t" the headuotes acoomF, anving lhem. It has
been an occasionally frustrating but consistently exciting experience to be involved with

this undertaking. My associates and I hope that those who cousuh it in the fiHule lind our
efforts worthwhile.

John M. l,ogsdon
Director

Space Policy Institute
Ell|oil School of International Affairs

(;eorge Washington University

xxiii





Biographies of Volume IV Contributors

Russell J. Acker is a graduate student in George Washington Universi_,'s Science,
Technology, and Public Policy program, where he is the recipient of the Lockheed Martin

Graduate Fellowship. His research interests lie at the intersection of space, information
technology, and environmental policy, while his prior education includes an MBA and a

BBA in information systems. He previously worked in both the energy and software indus-

tries, most recently with PeopleSoft, Inc., in the San Francisco Bay area.

Ivan Bekey is an internationally known advanced space systems engineering consultant,

providing sen'ices to a number of large and small established aerospace industry firms,
entrepreneurial space ventures, and government entities as President of Bekev Designs,

Inc. He is equally at home in national security, civil, and commercial space systems and
applications, as well as the exploitation of new technologies. He is best known tor innov-

ative long-term thinking and conception of bold new technolog-), applications. Bekey
retired from NASA Headquarters in 1997 as Director of Ad_-anced Concepts. For nineteen

years at NASA, he directed the planning, conception, definition, advocacy, development,
and flight-test demonstration of advanced programs across many areas of manned and

unmanned civilian space and transportation activity. For the previous eighteen years, he

was at The Aerospace Corporation, directing system engineering, advanced technology
applications, and concept formulation activities on milital_,' space and missile systems in
support of the U.S. Air Force. In prior positions, he worl_ed at RC_. ira airborne radar

countermeasures and at Douglas Aircraft on surthce-guided missiles.

Jonathan L. Friedman is a technical writer for RS Information Svstems, Inc., of McLean,

Virginia, currently working under contract at NASA Headquarters in the Printing and

Design Office. Prior to his five years at NASA, he spent ten ),ears writing and editing for

other federal government and state and local agencies on such diverse topics as emiron-

mental protection for the milita_; hazardous and solid waste management, resource recov-
ery, forest_, energy, and foreign disaster assistance. Prior to that, he worked in health care

and special education publishing and as a reporter and photographer for a suburban

Boston newspaper. He holds a bachelor's degree in English from the University of Arizona.

StephenJ. Gather is a policy analyst in the NASA History' Office, in Washington, D.C. He

received a bachelor's degree in politics from Brandeis University and a master's in public
and international affairs from tire University of Pittsburgh's Graduate School of Public

and International Affairs. He is currently a graduate student at the Virginia Polytechnic

Institute and State University in the fieM of science and technology studies. He has writ-
ten on such aerospace history topics as the congressional cancellation of NASA's Search

for Extraterrestrial Intelligence program, President John E Kennedy's attitudes toward
space, and the design of the Space Shuttle.

Roger D. Latmius is NASA's Chief Historian, located at NASA t teadquarters in _ashington,

D.C. He has produced several books and articles on aerospace history, including Innovation

and the 1)evelopmo_t of Hight (Texas A&M University Press, 1999); NASA & the Exploration o/
Space (Stewart, Tabori, & Chang, 1998); Frontie_ (!/Space Exploration (Greenwood Press, 1998);

(h_anizing Jor the Use of ,S_ace: Historical Perspectives on a Pe_sistevtt [gst_, (Univelt, Inc., AAS

History Series, Volume 18, 1995), editor; NASA: A History (_] the U.S. Civil Space PmL_am

(Krieger Publishing Co., 1994); History of Rockelr), and Astronautics: Proceedings 4 the F_fteevtth
and Sixteenth Higt_ry ,S_'mposia of the Inte_ylational Academ_ of Astronautics (Univeh, Inc., ,_A.S

History Series, Volume 11, 1994), editor; Apollo: A Retro._pective Analysis (Monographs in
Aerospace History No. 3, 1994); and Apolh_ I 1 al _l}oettl)@'ive, an electronic picture book issued

on computer disk by the Space Telescope Science Institute, Baltimore, Maryland, 1994.

XXV



John M. Logsdon is Director of the Space Policy Institute of George Washington
Universilv's Elliou School of International Att_drs, where he is also Professor of Political

Science ;rod lnteruational Affairs and Director of the Center tot International Science

and Technology' Policy. He holds a bachelor of science degree in physics from Xavier

University and a Ph.D. in political science from New York University. lie has been at

George Washington University since 1970, and he previously taught at The Catholic

University of America. He is also a D, culty member of the Inlernational Space University
and Director of the District of Columbia Space (;rant Consortium. He is an elected men>

ber of the International Academy of ._stronautics and the Board of Trustees of the

International Space University aml Chair of the Advisory Council of The Planetalw

Society. Dr. Logsdon has lectured and spoken to a wide variety of audiences at professional

meetings' colleges and universities, international contierences, and other settings, and he

has testified befi)re Congress on numerous occasions, tie is frequently consulted by the

electronic and print media fin his views on various space issues. He has been a Fellow at
the Woodrow Wilson International Center for Scholars and was the first holder of the

Chair in Space History of the National Air and Space Museum. He is a Fellow of the
American Association for the Advancement o1- Science and an Associate Fellow of the

American Institute of Aeronautics and .*Vstronautics. In addition, he is North American

editor for the journal Space Policy'.

Craig R. Reed is Director of Business Development for l,ockheed Martin Special

Programs, an operating agent of l,ockheed Martin Corporation, in Fairfax, Virginia. Fie

complete(l a Ph.D. dissertation, "U.S. Commercial Launch Policy hnplementation,

198[_1992," in political science flotn George _rashington Un versify in 1998. His contri-
I)ution to this w_lume is drawn tiom that dissertation.

Ray A. Williamson is a Research Professor of Space Policy and International Affairs at

George Washington UniversiD"s Elliott School of International Affairs, fi)cusing on the

history, programs, and policy of Earth observations, space transportation, and space com-
mercialization. He joined the Space Policy Institute in 1995. Previously, he was a Senior

Associate and Project Director in the Office of Technolog)' Assessment (OTA) of the U.S.

Congress. He joined OTA in 1979. While at OTA, Dr. Williamson was Project Director for

move than a dozen reporLs on space policy, inchlding: Russian Cooperation in Space (1995),
Civilian Satellite Remote Sensing: A Stmteg'ic Approach (1994), th, motely Sensed Data: Teehnolog__¢,

Management, and Markets (1994), Global Change l{eseareh and NASA_ Earth Ob._erving £)'._tem
(1994), and 7"he Future oJ Remote Sensing Jn,m Space: Civilian Satellite Systems and Applieatiom

(1993). He has written extensively ahout the U.S. space program. He holds a bachelor of

arts degree in physics from Johns t lopkins University and a Ph.D. in astronomy from the
University o[ Maryland. He spent two years on the faculty of the University of Hawaii study-

ing di[t'use emission nebulae and ten years on the faculty of St. John's College in

Annapolis, Maryland. tie is a memher of the faculty of the International Space Univer,gity

and of the editorial board of Space Polio'.

xxvi



Glossary

:LA ................. :kssociate Administrator

_L3tCB .............. Aeronautics and Astronatnics Coordinating Board
ABE ................ airhreathing engine

IkBMA .............. Army Ballistic Missile Agency
AC ................. Altm_nate current

ACRV .............. Assured Crew Return \'ehicle

AEC ................ Atomic Energq, Commission

AEDC ............... -krnold Engineering Development Center
AFAI ................ Air Force A_stronautics I.aboratories

AFB ................ Air Force Base

AFMT(: ............. Air Force Missile Test Center

A(}C ............... Aerojet-General (:orporation
AIA ................ Aircraft Industries Association

AI.S ................ Advanced I.aunch System

ALT ................ Approach and Landing Test

AMLS ............... _dvanced Manned I.aunch Syslem

AMR ............... Atlantic Missile Range
AOMC .............. Army Ordnance Missile Command

APU ................ Auxiliary power unit

ARDC .............. Air RestS, arch and Development Command

ARPA ............... Advanced Research Projects Agency
ASD ................ Assistant Secretary of Defense

AS1S ................ Abort sensing an¢_l implementation system
ASRM .............. Advanced Solid Rocket Motor

ASSET .............. Aerothermodynamic-Elastic Structural Systems Environment
Tests (Air Force prt_ject)

AT&T .............. American Telephone and Telegraph
ATV . ................ '_ntolnaled Transfer Vehicle

BOB ............... Bureatt of the Budget

BUR ............... Bottom-Up Review

(;AN ............... Cooperative Agreement Notice

CCAFS .............. Cape Canaveral Air Force Station

CDR ............... Critical Design Review

CEI.V ............... Complenmntary Expendable I.aunch Vehicle

CFI) ................ Computational tluid dynamics
CLV ................ Crewed I.aunch Vehicle

CNES ............... Centre Nationale d'Etudes Spatiales (French space agency)

COCOM ............ Coordinating Committee for Muhinational Export Control

COMSTAC .......... Commercial Space Transportation Advisory (_ommiuee
CSM ............... (2ommand and Service Module

CSOC .............. Consolidated Satellite Operations Center
CTRV .............. Crew Transfer and Return \'kqficle
(N . ................ Calendar Year

DAB ................ I)efense Acquisition Board

I)ARPA ............. Detk-nse Advanced Research Projecls Agency
DDT&E ............. Design, development, test, and evaluation

DEW ............... Directed ener_, weapon

DNA ............... Delense Nuclear Agency
I)Ol)/I)oD .......... Deparlment of l)etimse

DOT . .............. Deparmmnt of Transportation

xxvii



EEIN. .............. Ew)lvedexpendablelaunchvehicle
EI,V................ Expendablelaunchvehicle
E-MAD.............. EngineMaintenance,AssemblyandDisassembly(Building)
EPC................ EconomicPolicy Council

ESA ................ European Space Agency

ESMC .............. Eastern Space and Missile Center

EST. ............... Eastern Standard Time
ESTPD ............. Econonfics, Science, and Technolo_' Program Division (OMB)

.External tankET ...............
ETR ............... Eastern Test Range

ETS ............... Engine Test Stand

EVA ............... Extravehicular activi_

FAA ............... Federal Aviation Administration

FAR ............... Federal Acquisition Regulations

FCC ............... Federal Communications Commission

FEWS .............. Follow-on Early Warning System

FMOF .............. First Manned Orbital Flight

FOC ............... Full operational capability

FOF ............... First Operational Flight

FSO ............... Functional supplementary objective

FI'() ............... Functional test ohjective
.Fiscal Year

FY ...............

I,_tq3p .............. Future Years Defense Program

(;AEC ............. (;reenbelt Aerospace Engineering Corporation

(;A1,CIT . ........... Guggenheim Aeronautical Laboratory of the California

Institute of Technology

(;AO ............... General Accounting Office

(;E ................. General Electric

GEO ............... Geosynchronous Earth orbit

GET . ............... Ground elapsed time

GN&C .............. Guidance, navigation, and control

(;PC ................ General purpose computer

GSE ................ Ground support equipment

GTO ............... Geosynchronous transfer orbit

ICBM ............... Intercontinental ballistic missile

I(;Y . ............... International GeophysicalYear

II,C ................ Initial launch capability

II,RV ............... Integral Launch and Reentry Vehicle

INSAT .............. Indian National Satellite

INTELSAT/
lntelsat ............. International Telecommunications Satellite (consortium)

IOC ................ Initial operational capability

IR&D ............... Independent Research and Development

IRBM ............... Intermediate-range ballistic missile

IUS ................ Inertial Upper Stage

IVA ................ Intravehictdar activity

JPl ................ .Jet Propulsion I,aboratory (formerly GALCIT)

.ipO ............... .Joint Program Office

JSC ............... :]ohnson Space Center

xxviii



KEW............... Kineticenergyweapon
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MR ................ Mercury-Redstone
MSFC.............. MarshallSpaceFlightCenter
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NIO ................ NASPInter-AgencyOffice
NI,S................ NationalLaunclaSyslem
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NRDS.............. NuclearRocketDevelopmentStation
NRL................ NavalResearchLaboratory
NRO............... NationalReconnaissance()ttice
NRX............... NERVAReactorExperiment
NSC................ NationalSecurityCouncil
NSDD.............. NationalSecurityDecisionDirective
NSIA............... NationalSecurit),Industries,&ssociation

NSPD ............... National Space Policy Directive

NSTI ................ National Space Technology Laboratories

NSTS ............... National Space Transportation System
NTS ................ Nevada Test Site

OAO ............... Orbiting Astronomical Observato D,
OASD .............. Office of the Assistant Secretary of Defense

OAST .............. Office of Aeronautics and Space TechnologD,

OCST .............. ()ffice of Commercial Space Transportation

ODDR&E ........... Office of the Directorate of Defense Research and Engineering
OFPP ............... Office of Federal Procurelnent Policy
OFT ................ Orbital Flight Test

OMB ............... Office of Management and Budget

OMI ................ Operational Maintenance Inspection

OMRSD ............. Operational Maintenance Readiness Supi)ort Document
OMS ............... Orbital Maneuvering System

OMSF .............. Office of Manned Space Flight

xxix



OMV. .............. OrbitalManeuveringVehicle
OSD............... Otliceof the Secretal T of Defense

OSHA .............. Occupational Safety and Health Administration

OSTP ............... Office of Science and Technology, Policy

OTS ................ Orbit transfer system

OTV ............... Orbital Transfer Vehicle

OV ................. Orbiter Vehicle

PAM ................ Payload Assist Module

PASS ............... Primary ,_scent Software System

PCIN ............... Program change identification number

PDR ................ Preliminary Design Review

PFB ................ Pressure-fed hooster

PFRT ............... Preliminal T Flight Rating Test

PI.S ................ Personnel Launch System

PM ................. Program Manager

PMP ................ Program Management Plan

PMR ............... Pacific Missile Range
I'RCB ............... Program Requirements Control Board

PRC ................ People's Republic of China
PRIME .......... Precision Recovel_; Including Manenvermg Enny (Air Force project)

PSA(" ............... President's Science Advisory Committee

QH) ............... Quality Function Deployment
R&D ............... Research and Development

ILa,O ............... Rocket assisted orbiter

R(]C ................ Rough combustion cut-off

RCS ................ Reaction Control System
RDT&E ............. Research, development, test, and evaluation

RFP ................ Request for Proposals

RID ................ Review item disposition

RIH" . .............. Reactor-in-Flight Tests (program)

RIN ................ Reusable launch vehicle

R-MAD ............. Reactor Maintenance Assembly and Disassembly (Building)

RSA ................ Range Standardization and Automation

RSRM .............. Redesigned Solid Rocket Motor

S&M ............... Structures and Mechanics (Division)

S&T ................ Science and technology

SAMSO ............. Space and Missile Systems Organization

SANAC ............. Slate_Army-NaxT-Air Coordinating Committee

SD1 ................ Strategic Defense Initiative

SDIO ............... Strategic Defense Initiative Organization

SE&I ............... Systems Engineering and Integration

SEB ................ Source Evaluation Board

SECDEF ............ Secretary of Del;ense

SEI ................. Space Exploration Initiative

SIG ................ Senior Interagency Group (Space)

SLBM .............. Suhmarine-launched ballistic missile

SLC ................ Space launctl complex

SI,IIP ............... Space Launch Infi-astructure Investment Plan

SI,MP ............... Space Launch Modernization Plan

SIN ................ Standard Lannch Vehicle

SNPO .............. Space Nuclear Propulsion Office

SNTP ............... Space Nuclear Thermal P,-opulsion (program)

xxx



SR&QA ............. Safety, Reliability, and Quality Assurance
SRB ................ Solid rocket booster

SRM ................ Solid rocket motor

SRMU .............. Solid Rocket Motor Upgrade
SSO ................ Space Shuttle Office

SSME ............... Space Shuttle main engine
SSTO ............... Single-stage-to-<)rbit

SSX ................ Space Ship Experimental

START . ............. Strategic Arms Reduction Treaty

STAS ............... Space Transportation Architecture Study
STG ................ Space Task (;roup

STI ................. Space Technolog T l,aboratories

STME .............. Space Transportation Main Engine
STS ................ Space Transportation System

SWNCC ............. State-War-Na D' Coordim_ting Committee
TAOS ............... Thrust Assisted Orbiter Shuttle

TARS ............... Three axis reference system

TCI ................ Transpace Carriers, ln_:.

TDRS ............... Tracking and Data Relay Satellite

TDRSS .............. Tracking and Data Rela i, Satellite System

TMP ............... Technology Maturation Program
TOR ............... Terms of Reference

TOS ................ Transfer Orbit Stage

TPS ................ Thermal protection system
TVA ................ Tennessee Valley Authority

UCIA. .............. University of Califi)rnia at'l+os Angeles
UCV ............... Unmanned cargo vehicle
U.S./US ............. United States

USAF ............... U.S. Air Force

USD(A) ............. Under Secretatw of I)ef_'nse [or Acquisition

USD(A&T) .......... Under Secretary of Defense for Acquisition and Technolo D,
USG/U.S.(; .......... U.S. (;overnment

U.S.S.R./USSR ....... Union of Soviet Socialist Republics
USTR .............. U.S. Trade Representative

VAB ................ Vertical Assembly Building (later, Vehicle Assembly Building)
V_B ............... Vandenberg Air Force Base

\"tR ................ \_rein ffir Rattmschillhhrt (German Rocket Society)

\rI'OHl .............. Vertical takeoff and horizontal landing
\,'TO[ ............... Vertical takeoff and landing
\q%r ................ Vanguard test vehicle

%q'R ............... Western Test Range

XE ................. Experimental engine

XLR ................ Experimental l,iquid Rocket

xxxi





Chapter One

Access to Space: Steps to the Saturn V

by Ray A. Williamson

Building the Technology Base for Launch Systems

Prior to tile" elealiolt ()f Ih(' huge national spa(e i)rograms lhal have marked the lat-

ter halt of tile twentieth Cellltll'y, individuals attd small, priwltely funded groups in tile

United Slates and abroad contionted tile chalh'nges of spaceJlighl atnd developed the

lheoretical and experimental t-udillleltts of lockel technology'. By lhe late 1930s, experi-

menters in (;ermany, Russia, and lit{" United Stal(=s had successiullv tl(>wn liquid-fiteled

rockets of various lypes and cal)acilies. Many experimenters I)elong((d to rocket societies,

which assisle(t tit+,' progress of r()ckel dev'elopment by developing new technological

approaches aud by crealing broad inleresl ill I'C,('k(ql'y.'

The roekel societies otien had strong cot|ne(:li()tls with science tiction writers, who

helped keep the dream of interl)lanetavy travel in fit(' lovelront of i)eople's imaginations, u

In the United States+ lot example, the Al/lel+i(+;+ttl Interplanetat-v Society was started it+ ] (.)30

by several science ticlion wt+ilers, inchtding (;. Edward Pendra_' and H'ttgo (;ernsbaek, edi-

tor of Scieme 14?mder Slori+<_. _ Memhers of lhc American Intet:planeta_T Society+, which in

1(.134 became the American R<wket Society, sttccessfttlly cxperinwnted with liquid fuel

rockets throughottl the 1 (.)S0s. in December 1<.)4 I, .jttst as the [ rnited States was entering

World War II, lottr ntetnbers ol +the Atn(rrican Rocket Society for+tried Reaction Mc, lOl+S,

Inc., the lh'st U.5;. l]l'm t(:, build liqttid-l'ttet rockets, tTsing ideas on cooling originally

learned t)otn reading one of Eugen Stinger's' papers, the Reaction Motors team dcvei-

oped a regcneratively cooled rocket engine + thai citculaled liquid oxygen (LOX) in a

{'oolingjacket around tit{ + engine." In IGl47, the Army ust'd this engine in tile Bell X-I, the

tirst aircraft to penetrate the sottnd hartlet+, r In the Soviet [rni<m, several grottps emerged

to stttdy rocketry, tilt+ most itnl)ortantl of whiclt was the Moscow Group for the Study of

1. se(., Ibr exatnplt +, a book |L" a (al)tain in the Austrian Army, liramatin Noordung (pseudotlxm ot
I h.t man Pot<_&_ik). The I'._blem _!/Spree 7}m,_q: ?'he l{oclwl ?dotor (_,VashinRion, D( :: NASA Special Pul)li(atioll (SP)-

,t026, 19(,)5). This b<u,k _'xamim's ,nail> t('(hni<'al aspt'tls ot spa( t' II axt'l, in(h£din g space stations, h was (.igi-
nalh publish('(I in I+<qli. in 192(.t. For a (list ttssiolt (+t the' origins _1 in;m,, _t the i+l('as regarding spact" trawl, st+t.
,lohtl M. I+,gsd<m+ gt'n. t'd., wilh IJnda I. I+cal;Jammlh' Warrcn-I:indh'v, Rax A. Williams<m, and 1)wayne A. l)ax,

I'vph_tit+A_ the [5_k,,wm Seh'eted l)+,_l+m;,_tt_+_l the tti_to U ,/ the I'.S. Ci_,il Spin,, /boA,term+ _bhtme I, O_,a,i:.i,_ fi,_
l(xp&rali+m (Washitlgton, 1)(:: NASA S]'-,t.t07. 1995), ( ;hapter ()nc.

9. See Fraunk II. Winter\ P_v/++deto _;paceAffe: The R,_k_,t ,'_,+'h'tie_, 192g_ 1940 (\%';_shingt(m. DC: Smiths(,nianl
Institution, I(,)_?,}, tot a detailed examination ol Ibis t)cri,)d iu Iht' dm'('Iopmmu of n(_('kelry.

3. Ibid., p. 73.

4+ l'_u'genl Sangt.i was au Austrian s( ic,tisl, whc_sc ideas about rctusal)h' spaceClati ;vt+l+. ' <:'Olnln('nlol alt'd
in a (;c_tnan dt.sign in lhe lgNOs tbr a two-stage lat;t+th s_.stem thai (arries his ii;tlllU. S{+t. 1+_+Siingtq ,
I¢aketcP!/h_t+'¢h*+ih, 1933, whose English vcrsion is t¢,_l+++t/'light i#*+g'mc+'r,_g(Washinghm, I)C: NASA "I+I"F-223,
1965).

5. \V('rtthcl xon l+,_-aul+,Frcderi_ k I Orctwa+ Ill, and I)a_' D_uding, ,gpm'e Trm,d: ,l Iti+l,_+)' o/l{mlPetP) ;,+,d
.STun++'7}:_z,,q, tin. '3rd c(l. (New _brk: I latl)t,_ and Rm_, 1!)73), p. 82.

(i. "['lie ad','anta+g(' ()t r,,'gt'n('rali,,(, (oolinR is Ihat th(' ])lotl(,]]atH, whih' <o_fling Ill(' c(>nll)ustion ('hatlllJ)Ci;

is also pleh<'atcd t<_ ltl;lkt' it tno_ t" t'lli( i('lll i11 111(' burnin,g c;,cle.

7. Kl._:vn at+,the li<)01)C l, this <'llRinre "+,,';is ('apabh' ()t _,('llel':llill_, ti.()()() pounds of' thrust. The Bell X-I Ilm_
<m ninelt't't't cot+t_;t,:t<+t dt'n_i)nsl+ati,)t+ flights and liflx-ifilm +\iv l:_>rc_' test flights.
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Reactive Motion (Mos(;IRD), led by Sergci P. Korolcv, who mnil his dcalh ill 1(`)66 led thc

S()vict r()ckct l)rogram._
,\s eraIv as I¢.)21,Rol)ert H. (;od(lard, the first American rocket cnginccr, had l)('g, tm

to w()rk ()n liquid-fuel engines after [irst CXl)crimcnting with solid-fucl rockets." On March
1(;, 1926. hc succcssfullv launchcd thc world's tirsl liqtti<t-fucled ro(kct"' along a Ii'i_jt't'lo-

lv t[li+t took it It) an i+ititndc o1 f()rlv-()nc t(.'cl and a distance ol 184 ti.'ct. '; Tiffs wits it

lmnarkat)lc a(hicvcnlcnt, x,k'l the tci+t, which might have been ])ul)licly hcr_d<h'(l, was l()sl

to hist()r'+ l<)r another d('cadc l)c(;+ttst" of (;<)<ldard's penchant fi)r s('t1cfv. )_Thc if'st look

l)lacc at his aunt's l,um out.side o1 Auburn, Mi+s,,gtchtls('lls, l)nt only three pcoph' l)csidcs
himself witnessed it. _:_(;od<lard prcli:rrcd to work alone. F()r cxant[>Ic, at (+nc l)()inl

(;()tldard was askcd t)v the ,.\mcrican lntcrplanctal T S()cicty 11) _tssist its ctIi)rls, l)ut hc

refused. _' 11+doing so, i_c failed to rca I) the potential bcnctits thlu an associatit)n with such

a group might have yicldcd in I('1"111S O| _l"('itlFl" appreciation and funding [or his cxpcri-
iIIC11|_.

By 1!t2(.t, (;oddard had complclcd torn successful tlights. The lasl ¢)nc was the tirsl li<I-

uid-lt_clcd launch to carry mcasmin_ instrumcnls--a thcrmonlctcr, a I)ar<)mctcr, and

t.Vt'll it cltl++el-il I() rcct)rd the dials in flight. At)or rcltching a hcighl of ninclv IZ'ct, the r<)ck-

ct trashcd and cxph)dc(l. The l)owcrlul noise greatly (listtnq)cd his neighl>ors and, in

(;()d(lard's view, br()ught ttnwanlc(t headlines in Ihc I()cal pal)crY' Soon idl(.!F, (;oddard
m()vcd It) Roswcll, New Mexico, it sp_trscly I>t)pttlatcd desert l()wn, where hc could more

rcadil'+ ct)ntinuc his cxpcrinlcntati()tl l)cyond the watchftd cycs of tmrvt)us ncighb()rs.
(;;)ddar<t's New Mexico w()rk, width was supp()rtcd at the suggcslion of his |fiend

('.havlcs l.indbcrgh in pml 1)y the (;uggcnhcinl I;und [br lhc Prt)nlotion ()f Acronautics,

was cxtrcmclv |)uitful. There, hc tcstcd thirty-()nc r()ckcls, oil(' ()f which attained an ahi-

/uric ()[ 7,50(i feet; another Ycachcd a speed more than 700 miles per hour. )'_From 1(.)41

until his <tcath in 1(,)45, (;oddard workc<t for the Navy, helping it It) (h;vclt)l) liqttid-f+tclcd

rockets [k)r.icl-assislcd takeoff 1o assisl hc;t_il_ latlcn i+ircYafl lift ()f[ it rnnwiQ_ or 11<h'ck of

itll aircraft cil.1"liCl".

111his Massachtlsclls work and in his lalcr cxpcvimctmttion in New Mexico, (;oddard

contril)ulcd an impressive lisl of firsts Io the world of rocketry and scvcral importmlt tcch-

nital a<tvanccs, lit" gained _14 patcnts for his cttorts. '7 tlc cvcn tested (in Mmch 19_?),

years Ix, li)rc the American Rt)ckct S()cicty did so) the principle of regenerative cot)lin_.

|()VCt'Vt'l, I)CCat+SC of his desire [()r svcr(.'<.y ittlcl the relative lack ()f interest fl-om lh()sc wh()

Illighl ]+;+x,'t' [)Ill his discoxt!rics It) work, his t'xpcl-ilnclltS contril)ulcd r('lativcl'_ little to Ill('

(lcvch)l)ntcnl of modern launch vchiclcs. Wt)vking without knt)wh'dgc of (;o(ldard's activ-
ilics, g<)vcrnmcnt-supported cxperimcnlcrs in (;crmany evcntuall+v (tuplicalcd most <)f

(;odd,ud's discovcrics and st)on smpasscd his r()ckcls in size and lift (al)a(ity.

S. s+cc,lamcs I fat lord. K+,+++/+'+,:ll.w (hw +'+I,'+. +Xlr,'_t+'P.g.<L'W the S¢n,/¢1 l)r'+,r l+JHeat A mr.+r+ l+_ ¢k+' 31... (New

_,>,k:.l(,Im V¢ilc', &- Sons, l(.)(.IT).

(.), %co l)()(umcnls I-7 and I S iu l.._s(h)n, l'.@h.i.g the I;.l,'nm+,., 1:,'q6 137,.

I0. It 'e, as Inclcd l)'+ liqni(l ()x.+gcr_ and _4asl)linc, (;(><Idald ch<isc li(itti(l oxsg+.'n l_)l lilt' S_tlnc It'_l:+,()II lat,:')

Io(kcl (h'si,_,n,.'l'., II_.t'd it--lhc li(luid h)tm t;m ])c ttanspoltcd vcl_llixcls c;tsil; :tnd (an bc st()lcd ill a )c];tlixcl".

r,lllktll _+()hltll('.

II. Rcl)(-tcd in Rol>c_t II. (;odda+d. l.iqu_d[m+[)+4h+.tHr.het l)+'t,el@me.l,5tnithsoHi_l._ Mis(cllm+com,

(;tdlc(tiott+,.Vol. 9,'>.No. !+ (Wa:.+hinglo._, D(;: Smiths(_imtn In,.+tiltflionFhcs+., 1%'_6). Scc Doctmt('nl 1-9 in

l+ogsdon, gcn. c<l., l'.x/d+,)+ng/lie l/.kmnlu+. I: 15.1-40. l_)v :m cxtcn'.;ivc ('×(t!t[:,t ol this rcpt)rt.

1_. Fl_mk \Yint('l, /¢+.1<c1+ hit..(';#age ((;;u,,I))i<lgc. MA: I larxavd t;nixcrsit 5 I)rcss, 1990). p. ?,l,

I_,. R()l)t'll 11, (;()d(la)d. "'l.iqtd(t-l'l<)pcllal+t Rot kcl l)cxch)l)mCnL" Malch I(L 197;6. in "lhc I)a[.')+ ,] H+d..ll

I t..\pl>mcntl) (;o<lda)d)cgul(Icd them ;is ;till;lit'IllS. tltlWI)l'lhx (>1 his timc. "_'hltt'I. I)l+'lud. '' hJ ._,].,a++'Akr+',

1)1). 7-1-7S.

15. \Vimcl. 16. k_'t_ I./+, ,'q/.t<e, p. 3?,.

16. /bid.. I), 5,1. Also. scc l)o(umcnt [-9 in l.offsdon, gcn. cd.. l'.xph._.g lhe l .km,w., I: l?..i--J.().

17. ()I thcsc L>ll l)atcnts. I'31 '+vt.t(' gl_llllcd aftcv his dcath in I(.I-+,7+.Winter. IP+.h+4,+l.t..'+;/+a+e, I>. 31.
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Developing the Vengeance Weapon 2 IV-2)

Modern rocket1T is a legacy of Worl(l War II and its aftermal h, Ihe (;ohl Wa]. During
World lA,tr 11, France, (;ermany, Japan, lilt" [In\ted Kingdom, and tilt, I:niled Stales

atten]pted to build rockets in sltpporl of lilt' Wal ¢'tlk>z-l. Ot +these, only (;ermanv was suc-
cesslifl ill buikting large rockets. Beginning in 1932, within abollt a decad+,., a team of sci-

entists and engineers led by Captain W;thet- R. I)ornbergev designed, built, and tested the

_c2 rocket. Starting in September 1944, the (;erman army used tilt" V-2 as an eat+ly ballis-
tic missile to terrorize Allied nfilitarv troops and civili;m lmpulalions.

Experinlents by members of ill[" (;ernlan Rockel Society (Vev+,'iu f{i, Raumschiflifllrl,

or VtR), fimndedJtfly 5, 1927, providctl the tectnfical basis ti>] (;ermany's eiu-lv success with

tile V-2. Society members also gained valual)le ext)eviel|ce d+,'signing, building, and lest\rig
rockets and rocket components. V_kq+nher v<m gvlmn Sial-ted working ti)r the (;erman arnp¢
ill 1932, specifically to conduct secret research on iockels; he was the first oF several vIR

members recruited b v Dornberger, head of lilt' (;elIll\In ill'lllV'S I'eSeill'('h [)lC, glalll.

They quickly went to work designing and testing a wotkable liquid-fiml engine. By

Decenlber 1934, the team had succ+,'eded in building a ,notor powered by liquid oxygen an¢'t
alcohol, which it used to send two small, R3,roSCOlficallv controlled rockets about 6,500 feel

high.'* The teanl designated this design Aggregal-2, or A-2. +l+he leitlll'S stlccess alll+alled tilt"

interest of the German air torte, which desired to ttse rocket tqlgilleS |o assisl prol>ellev-dri-

yen aircraft at takeotf and 1o power aircralt and missiles. ()ill of lifts illlel'esl Callle a join!
armpair force establishment centered at l_eenem/inde, ;m island in the Ballic Sea.

By 1936, the experinlenters had arrived at Ihe b;tsi+, design of the A-4, Ill+,:vehich, Ihal

a li'w years later bet'an'te the V-2 miss\h,. Further design and testing pt+<_duce(l an engine

capaMe of gen+,'vating tilt + remarkable (fin the lillle) thrust of 59,500 potunds fin + sixl_,-

eight seconds.'" This engiue, which was I+egenet'atively co, ileal, operated at 750 pot,,Ms pt_l"

sqtuue inch pressure. Kerosene tuel and I+()X were li+tt to the combustion chaml)er at

vales of fifty gallons or nlore per secured by stean|-driven centrifllgal tromps. +'_The A-4
stood nearly lifty ti.:et high and was just trader live and a half li'et in diameter. Fully loaded

with fuel and a payload of 2,310 pounds, it weighed 28,229 pol.nds and was clq)at_lc of fly-
lug u I) to 3,51)0 miles per hour. The A-4 had a range of + 190 mihrs and could reach _(n

ahilude of sixty miles. After tilt, first two lesl Ilights ended in failure, tile A-.t was suc+,'ess-

fully thm, n on ()clober 3, 1942. 'l\vcntv-thtet. nmnths and some 65,000 technical ahe,-

ations later, tiw A-4 l)ecame lhe opet'ational \'_mge;mce Wcalmn-2 (known as V-2), the

name giv+,'n Io lhe missile by Hiller (Figmc I-1). Bv eHl-lv 1945, when Allied tt<H_ps ti,st

elllCl'ed the COlllltl'y, lit+.+(;el-mall arnly had fired 3,225 warhead-carrying V-2 rockets, most
of thenl toward l.ondon :+.llltl Antwerp.

On May 2, 1945, IAL.rnher yon lhatm, l)ornt+ergel, and 116 other rocket specialists

Slll'l-elldel'ed to American officials in the Atlstriall _I_'lO] tOWll of Retllte, ,just sotlt]l of

Bavaria.-" Several nmnths later, they wet+e laken to the t;nited Stales, ahmg with at)oul 10(t
\z2 rockets, nlanv rocket compont'nls, and trucklt>ads of scientilic doctunents. This "Fock-

et team" Iovmed one of the tinlndations of t!.S. progress in missih.s and ,ocket develop-
menl t<_Fse-_et+al decades 10 come. [l-l, I-2]

18. Thc',c ;'.err' n;uned Max ;rod Mot\t/;ilion the Katz,.+njammc_ Kids tdthe pOl++tLlal tomb strip ol lilt' (Ira+.

19. t :<nnpart" lilt' 6.000-pound tluust .! lilt' Rt'allilnl Mi)Itlus <'uginc used hi lilt' Bell X-I a dl+t allc lalcl(

2(1. hi starching tina manuliuturer tit pumps with lht' light SlX'¢ it\cations , xr_>]1 I+,l-,um m;uh' IIIc interesting dis-

t<+x'tq', that his iwcds couhl lu' satisfied t>?, lmmps vm', similar in pressure, rate, mid size to Ihosc used by ti:+t!tighlelS.

21. Von It, faun and l)ornl)ergct- li';ucd bci(ig capturcd Iw the Russians and cah elated Ihai thin ',_ouhl

have a t)t'llel chance ot pursuin R flwil uot kt,t resear(h _m alct'ptabh . lt'llllS ill Ihc ['nitcd .Slates that'l m the

Soxict trni.n I h'ncc, in Februal_. M)Cl set.in X the wa_ the x_az _;ls going, tilt+,+ h'd most of lilt' uppcl et hchm ot

( ;el'Ill\Ill 14)t kcl scientists _,Otlth [(i I>+axalia Io IllUcl file ;_lll{+li('illlS, and axoid b_'ing cal)ltut'd I)_, the Rtlssians. Nee

Flcderick (}rclwa_ II1 aud Milchcll Shatpc. 7"t,. l¢.dtel 71w,+ (Ncw Yt_ik: Cmwcll. 1979). pl _. 25t-75.
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Early Missile and Upper
Atmosphere Research

By lhe mid-1930s, U.S. interest in rock-

et research had spread to several centers. In

19!_6, staff mcmt)ers of the (;uggcnhcim

Aeronautical I.aboratolT of the (:alitbrnia
Inslitulc o[ Technology' (GALCIT), which

was directed by tile noted aeronautical the-

orelitiall Theodore wm Kai,m+itl, formed a

rocket research group to work on both liq-
uid and solid rocket motors. Among these

experimenters was Frank Malina, a physics
slu(lenl all Caltech. _' During World War I1,

lilt" gl'(lll[)'S expertise was in high demand

to develop small sounding rockets and.jet-
assisted takeoff solid-tirol rockets Io provide

additional takeoff boost for heavily loaded

ai rc raft Y

(;AI.CIT, which operated under the

spotlsorship of tile U.S. Army, eventually
was renamed the.let Propulsion l,aboralory

(JPl,). Am<rag other rocket technologies,

.lPI. developed slow-burning rockel propel-
lanl and storable liquid prol)ellanls thal

provcd extremely useful after World War 11.
Alier the wat, JPL developed a small sound-

ing rocket called the xAL&(: Corporal. This
rocket was powered by an engine using storable hypergolic fuels--red funliug nhric acid

and aniline. The ++_,%{:Corporal made its thsl flight at White Sands Proving (,rounds in
New Mexico on Oclol)er 11, 1945, attaining an ahilude of tm-ly-live miles. +'`

lnlensive [].S. launch vehicle research mid develol)ment essenliatly began wilh lhe

testing ot (;erman V2s on America,I soil flfllmving World War II. Nine'here can the close
bt)nds between the developmtmt of weap(m-carrying missiles and Earlh-to-mhil launch

vehicles be seen more clearly than in the use of these missiles to .juml)slarl U.S, rock('l

deveh_pmenl. The United Sl_lles eml)hLved them not only It) catch up to the conqtlm-ed
(;ermans in missile development, but also to push lhe boundaries of sl)accllighl for sci-

enlilic lmrl)OSCS. The \:-2 technologies served as toundalions for lhe develolmlent o[ [.].S.

sounding rockels and provided a vehicle tor lilt' thsl [!.S. space science efforts, under Ihe

guidance <0f.lamcs van Allen, who direcled Ill(' government's Upper Almosl)here Rockel

'2_2. Malma and his {_llcaguc A.M.O. Smith published thc tirsl st hohul_, arlicle ,.m Huket resealc h: Iqank

.], Malina and A.M.O, Smilh. "'Flight "\ i tl_sis of the Sounding Rockel,"/._*r_ml _l the A_._t_zautical ,grier_re_ 5 1193_):

l':Ig-::R)';'. This artMc appears as l)ocun/t_l_t 1-I 1 in l..gs&m, gcn, ed., I".xpl.Hzi_ the { :_zktmwu, l: 145-57,.

_. IBM., plus Documenl 1-1_ in l,ogsdon, Ren. ed., t:xploriul¢ th*" I '_!_t*ou,_, 1: I-_3-76, which is "l'hc_ulo_e

\on K.hmdn. "Mcmorandum on the Possibilities ot l._mg-Ramgc Rockel PrQjcctiles," and H.S, 'lsicn and

F:I. Malina, "':\ Rt+xie++ atnd l'telimina D' Analysis of l+ong-Pumgc Rocket I'vRic_files,".lct lh'opttlsiot_ l.al)mamrv,

(:;tlitornla lnstilute ot Tt'( hnoh>+.,'3', November 2{I, 1947L

24. Frank.]. Malina, "'Is Iht' Nk,, the l+imit?," :D+n)' ()Mt+a+t+e (lul',-,'XuRust 1946), pp 43-53.
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Research Panel. :_'The investigation ofV-2 technologies by the governnwnt and U.S. indus-

tt T strengthened bonds that had begun in _A_)rld War ll. New firms were tormed and old

ones strengthened and enhanced by the partncrshii).
Tim U.S. Army set up launch facilities al White Sands and hired the General Electric

Company ((,E) to carry out a long series of tcsts with the V-2s. The AIIIIV alld (;l"+ tcsl-i]ew

sixty-seven V-2s between 1946 and 1951, most of them at White San<is. Under Pr<!ject
Hermes, as the It+st program was called, (;E and tilt" Army also developed several different

missiles. These included a series of I,umchcrs called the Bumpen which used Ihc _,'A(;

Corporal as a second stage. _+;Although the weight and propellanl advantages of using sev-

eral rocket stages, in which progrcssivcl;' smaller rockets took over ahcr the previous stage
had expended its propellant and l_allen' back Io Earth, were well known, this method had

not beeu tried in a large rocket. Earlier experimenters lace<[ tit{, technical difficulties of

igniting an upper stage in space and of separating the Iwo whih' controlling the upper

stage, as well as file lack of a reliable upper stage rocket. The _vVA(; Corporal had proved

sufficiently reliable as a sounding rocket. The testing of the Bun{per was undertaken ill

part to reach high ahitudes and in part to lesl the Val'iOllS techniques needed to control
tile ignition, separation, and control ofa SCclmd stage. On February 24, 1949, one of Ihcse

two-stage rockets reached into outer space at an ahitudc of 244 relies, an altitude record

that stood t_>i- sevelal y0als. Bmnper 8, the last <>f lhc series, was the thst rocket 1o be

launched front Cape (:anaveral, Florida, on July 2,t, 1950. During these tests, the Army
and (;E expcrimenled with developing a lactical missile using radio-inertial guidance. -'v

By making copies of the V-2 engines beginning in 1949, North American Aviation,

Inc., was able to gain valuable expericme in ro{'kct mOtl)r design and constrllclioll Ihal

the conlpauy soon used to good ctI_wt fit dcvelol)ing larger and mllrC powerful rocket
engines. By March 1950, North American was able to build and conduct successftfl It?sis

on a I.OX-alcohol engine that gCtleratcd 7._,00(l pounds of thlllsl (the Experimental
|liquid Rocket 43, or XI.R43). By.JanuaD: 1956, Rockeldvne, Norlh Americau's newly

named rocket divisiony _ had produced a version containing three firing chandlers that

generated a then-astounding 415,000 pounds of thrusl, burning I.()X-kerosene (the

XI+RS3)._':+ Rocketdyne's engine was originally destined for incllrporation into tile experi-
mental Navaho cruise missile, a dcvehlpnwnt program begun by the U.S. Army Air Forces

iu 1946. +*'Iu.luly 1957, in a budget-cutting recast{re, tile Al'lllV _ancellcd Projt'ct Navaho.

Howcvcn tit{" ctfi>rt that had gone into dcvcll)ping Ihe XlR83 resulted in a powcrtul
engine l]lat, ill various modil]cations, scrvc<l as tilt" basis fiw many of America's future tnis-

siles and space launch vehicles. +' For examph,, tile lessons learne'd in building tile Navaho

engine were later put to good rise for Iht' verv lalgC F-I engine, which powered the first

slage of the Sattlrll V. Fit{" Navaho program t)roduced a numt>er of i)[hcr technical

advances, including the development of che,nical milling for re<luting structural weight

..25. Tin' panel had rcl)rcscntativt.s tvllm the Arm} Signal (]olps. lilt' Johns l Iopkins Uni'.crsitv Applic<I

Phvsits I.abozator'_, the Armv A[I Forct's, lilt' Naval Rcst'alch [+al_,olatop,, Pl+illt-t.toll, ] |ala,;ll-d. (:allottl, and tilt'

[ qlivcrsil,, ot Michigan. %c¢'.lc)hll l'. [laRch, "Viking and V:mguald." in Eugene Emmc. cd.. The lti_tr.a <,/I¢orkct

7?Humlo&q.- I¢_srn_ +,it I?rtcrmh, I_evelopmeltl, and ("/ihl)' (licit(lit: \_."_lVIl(" N|illu I hlivcrsitv thcss+ I.q{_-l), p. 123.

26. Using a WA(: (:_,poral as a st'<,)llll slagc was suggcslcd by cnginccr I:tank Malilm. who had a in;_jc)r

I_llc' in <h',.i.hll)ing the \_'+\(; (Mrporal. Scc Malina, "Is the Sky tilt' l.imit?," p..t3.

27. Radio-incltial le,mdancc is a torm ot guidaucc ill wh'it h die launch ',chit Ic ,)l missile is [racked by ta<lat

ill( C llllillldS arc issued bx radi_) tel ('hilll_C atliludc as the flight pl'O,_l'CSbt'S, It is a technique thai ;+'as IlSt'd Oil
the Titan lattnth xchi{ Its tmtil lcccnllv.

28. Rtu'kcld',tlc was tornlcd :IS it scp;u'atc <tivisi,m of North American Aviation ill 1955.

29. (_()nl[)arc lilt' 35{1,1100 [>ou,lds _)t th, tim [l,)tll lilt' SljaCt. Shulth. ntain engines al sea h'vcl).

'30+ 'the vctsil)t_ _lf this engine actually (It's It'( t0] the Navaho generated 120,000 i)(Jun(is of lh]ust.

"_1. Julius tl. t',taun "DcvchllmlCnt ot fllc.lUl,I 1 ER i,iolmlsio n NyS[Clll," [AA-!11-673, 42rid Con.,z, rcss ot thc
hltcrtmti(mal Astr<maulital l+'cdcration, Montreal, Canada, ()(t(>llcl 1991.
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while retaining strength and the use of a titauiunl skill. It also developed an inertial guid-
ance device that used the first transistorized launch vehicle computer. :++

The Cold War tensions of tilt" 1950s, tile develo])ment of nuclear weapons, and the

Korean War spawned several additional missile-building programs." :Mn<mg them was tile

Redstone rocket, which originated ill the t|ermes C project. In July 195{), Ihe Army chict
of ordnance asked the Ordnance (,uided Missile Center at Redstonc Arsenal in

lhmlsville, Alahama, to study the feasibility of hull<ling a missile with a range of 500 miles.

Wernher vim graun's team of scientists :rod engineers, which Ihe Army had just moved

ti-om Texas to lilt" Redstone Arsenal, was given the task. The team decided to tlsc lilt"

XI.R43, the eugine ti-om the Navaho test missile, and an inertial guidance system using a

stahilized plattorm and acceleronleters, hecause they were "simple, reliahle, accurate--
and available. "''_ The engine also emploved many Ot]leF features taken ti-om tile V-2. The

pressures of the Korean War soon result_'d in a redirection of the Hermes program to the
develol)ment of a single-stage, surface-to-surface ballistic missile having only 200-mile

range, lint with high mohility, allowing field deployment. Christened the Redstone, the
new missile [irst flew successfully on August 20, 1953, on a test tlight of 8,00() Val'dS.

|_elweet/ 19')3 and 1958, the Arstmal fired thirty-seven Redstone test vehicles.':' It was the

thst large hallistic missile develol)ed in tile United States and tile first U.S. missile to use

an inertial guidance system.
While tile Redsto}le was under development, the Army and the Nm T hegan a joint

ira!jeer to huild an intermediate-range hallistic missile (IRBM) thai could be launched at
sea as well as on land. The.Jupiter missile, as il was called, was developed in two versions,

both using the Redstone as a hasis..]upiler A was an IRBM designed to carry a warhead.

North Atlantic Treaty ()rganization (NATO) tbrces deployed it in Era'opt until 191i3, atier

the (:uban Missih' Crisis..lupiter C, with the official nameJul_iter Co,npositc Re-entry 'li-st
Vehicle, was a vehicle primarily designed to It?st leentlw technology'. Betore the [!niled

States could tmil_'t ;-111(1successt:ullv operate a ballistic missile, it had to solve tile ditticuh

prol>lenl of reentry into the atm(;sphere. Opinions dittiered on how best to protect tilt"
nose cone o[a nuciear warhead reentering the atmosphere from overheating and destroy-

ing the warhead belore it reached its target. In 1953, H.Julian Allen, a scientist with the

National Advisory Colnmittee tilt Aeronautics (NACA), had postulated that a bhtut rather

than a shar I) nose would more readily stu+xive t+eentlT. 11-3] The Jul_itcr (: llOSe con(" s,%ts
not only I)lunl, but was coatcd with a fiberglass material that at)lated, <)rbmned oil as tilt:

surl_tce'of lilt" nose cone heated up, thereby keeping the (C, tllelllS ()1"the nosc (Olle (o(:,]. _'_

.IPl, supplied Ihe second and third up|let slages [i)r the.lupiter (L (In AUgtlSt b/,, 19.'57,
the humch tealll llSed a Jupiter C to fire a warhead 600 miles high and 1,200 miles down-

range, where it was recovered tt_ml the Atlantic by [J.S. Nax T learns. The reentry nose cone
on this tlight was the first object crafted hv Imtnans to l)e recovered from space.: The

:,2. I)atc 1). M,,tq s. "lhc Navaho Cruise Missile: A Burst ot :li._ hmdog, a_" IAA-91-679, -t2nd (:onglt'ss ol Ihc

hllt'lnalional ,\Stlm+autital Ft'dt'ration. Montlt'al, (_;lll;tft;i, ()1 tl)ll('r 1991.

33. +t_..t hnt)logit's hom sotmdin g lt)t kt'ts, lot cxamph_+ were imorpolatcd int<_ nlcditml-langc missih's.

]a(ob Nculi'ld, llal/i_ti_ ;_IA_ile_ i_ thr I'nited _;tat+'_ Ai_ I.bt_e 1945 /960 (WasJfington. l)(;: U.S. (;c)xclnmcnt

I'lintillg ()t/i_c, 19N!)I.
3t. _,*_k'rnht'l _,oll I_raun, "'I'ht' Rcdslone..]Ulfiter. and.lunl)," ill I'_nnnt', IJte tfislo U o/I¢o_kd 7}'dmolok_', I). 109.

35. h_cntx-li_c ot these wt'tc t,ssetniall',.lupiler A missiles.

?,6. Vfcl nht't xon t_,raun, "+Tilt + Rt+dstt,ne,JUlfitcl; and]uno," p. 113-14.

37. The x_m Braun ICaln did lien act cpl gracclull', tilt' 1955+ dccisi<m to assign the salt'llilc launch nlissi(m

tu tilt' Na',al Rcscam h I.abotatolv I('illll alld tilt' \:angtt;l;d rocket. 't'hrought)ut 1_151_, it k,.+pl pushing tilt a tv('on-

si,:lcxali'.m of this decision and l)mmission to ;tllt'lllpl il sam.lille launch sl:,mt'tinle in 1!157. AlilT icxiew within the

I'elm_,Roi',, this suggcsli,.m was rejccted, bul still lherc was s_nne :.Jr'liSt' that the Arm _. team ,,wmld fix I() launch a

sat{'llit,p withmlt top-levH pt,rtnissiOll. Thus, ti. this launch, the upper stage was loaded with Sitlld h) l)l't'v('ill it

iiom _rbiting Earth.
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success o1 this wst, along with flulher lelhwlncnls, laicl led to the incorporalion of Ihis

wchnolo_9' inlo lilt! dcsigu of the Mercury, (;cniini, and Apollo capsules, and it lnadc pos-

sit>It, the rl:tllrn of aSll't)llatlts fFOlll spat'c. ":%isdist'tlSSCd hi'low, Ibis httlll('h, OF pcl'hal)S cvcli

one earlier ill the test series, might have I)ccu at>It to launch an initial U.S. salellitc.

lll()nths bci()i+(: Sputnik 1. ttislory lllighl thcll h_tv(, t)CCll li|thcl ditt¢'lCZll.

Vanguard, Juno, and the First American Satellite

The uhimalc goal of niauy of Ill(.' carl', m(kcl researchers was 1o rcach orl)il. In Ill(."

t'arlv 1950s, sounding rockcl and balloon r¢'s(.'a,ch on Ihc upper aimospht.re and growing

inlcrcst in geophysics and radio |)rol)agati_m Icd io serious interesl among sc'icnlisls iu

launching a scientific research satcllilc, hi 195t ulcctiiigsofthc International Scientific

Radio Union and lhc lntcrnati<mal !<;ui(m ot(;codcsv and Geophysics passed rcsohilions

calling for the launch of a stienlitic satcllilc dtiri]lglhc International (k'ophvsical Yea]

(IGY), which had bcen set tor 1957-5<_, when scicntisls cxi)cctcd peak sttnsp}it a¢livily.
The l_!nitt+(I States and the Soviet Union ill I GI5B both announccd their intentions to orbit

a satclliw solnctime during t]w I(/_:

A t't)lllnlilt(,(, within the l)cparlnwnt ol l)ct_.'nsc (1)()1)) picked the launch vehich, lor

this satcllile from among tlucc proposals: the Atlas intcrcontincntal ballistic Inissilc

(ICBM), whi(h was still ill lilt" developuwnt st<lg, c; ilw.Jt, l)itcr, using several ttp[)cr stages;

itlld all /lIlllltlllCfi veliiclc thal would use |lit' Viking as a th-sI slag(:, lhe Aerobcc its a sec-

ond stage, anti a new solid-fuel third st,lgc. The Vikiug and lhc Acrobce were liquid-fllcfcd

sotindhlg lockcis witii proven launch ict ords. The VikiuDAcrol)cc coilll)inaiioii, which

had I)ccn proposed hy the Naval RcSCal-th i.aboialorv (RR[,), had all adVailla/._c ' h(!caiisc

it ilscd available soillldillg lo(kcls alld lh/is would ilt;I (-()lllliClc with the dcvcloplnCIll t)f

the higher priorily Alias ICBM pro_,ralll. 17111-lhcl-liiOl.C, the Vikhlg rocket used ginlbalcd

ciigiliCS for COllllOI and had soil|(, l.vrowih polciilia]. The Icsullilig |)rograin, which wits

inaliagt,d t)y the NRI., was called Pi¢)iccl Vii|guard. The firsl alid se(Olid sla_es iiscd slor-

able nilric acid and diinclilvlhvdraziiic as flicl. (in SCl)ICliit)cr 9, 1935, DOI) alllhorizcd

the Na_w Io proceed with l;rojeci \a i_uai-d. As John P. i lagcii, the dirccior of l'r<!i(,cl
\_lll<guai{d, has iio[ed, "Tit(" le{ler froth Ihc Sc('rclarv of l)cl}.qise staled (lcitrlv lhal w]ial

was nceded was a sawllitc (i,e., OllC) durhi<_ ihc 1.(..Y.'which was in llO wa'( to ini'crfcrc with

the on-going nli]itary nlissilc progranls. ''_ [ I-4, l-D, I4i]

Tim role of lhe a('lOSp;.lcc indilstl), as ('t)l/I I'{I('I,c)I" ill tilt" C()llSlI'IICIiOII (if lallnc]l vcllich's

was an illlporlaill []lOilgil not cIItilck_ casv OllC. F(>I CXalllpIC, lhc NRI, COllllactcd with Ill(.,

Martin (]Olll|)anl%, ill(" developer of Viking-, to build lhv ths[ shtgc of the \'_lnt4tlal-d Iockcl

and lo oversee ihc vchicle's assert|bile l)uring I|ic negoiialions, the NRI, and Marlin had

prolracled discussions aboill whicli olgaliiZalion should have rcsiionsibility t_lr overall svs-

Iciils design and t!ng_rillcOi'iii_, l)espilc slron_ ar_iililCiils 1o ill(" COlllrary ti-oni Mat|in, liie

NR[. lilainlahlc(I SySlCilis responsibility. :\s would I)ccOliit! vcl_,, cvidcui l_.;n years later in ihc

dcvcioplllCiiI oflhc Sallllil V, sucil a <l]vision of labor SOlllCtilllt,S led to friction |)cIWCCll Ihc

coiiliacIoi-alid I]lC _,ovt'rllllit!lll offi(c oV('lSCCiil<_ la/lllch vchiclc dcvelol)nicnl.

Pr_!jcct _,{iilguaid selecled Cape (]alia'_Clal, Florida, wh('rc lht!re was aheadv a iliissilc

l('sl rangc, |_)r |is launch siw and il cslal)lishcd a worldwide Irat'khlg nl'iworkllSiii_ Ihc

NRI:s Minili-a(k syslclil Io inainlain conliol ovcF lhe launcher after ii lc|l ill(, (tape. ]'hc

iMinilrack svsic li also served It) col]col dala [lOlil lhc orbilhlg satellite.

The dcl)alc ovcr wiiich tlf thcsc salclliic-launching proposals t)('sl served lhc II_llion's

illicrcsls iilvo[v(,d a _ootl ilicastlrc of inlt'rscrvice Iivalrv ;is well as rivahy ailloil_ rockcl

38. I lagcn. "X'ikm R and V;UlRUai-d " i). 171{.
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teams. :cs Wernher v,m Braun has wrhten, with a detachmellt that understates tile strong

R,elings prevailing among tile engineers at the Army Ballistic Missile Agency (ABMA):

"While Prt_ject Vanguard was tilt" approved U.S. satellite pt+ograln, we at Huntsville knew
that our rocket technology was fully capable of satellite application and could quickly he

iml)lemenled.":" It is indeed likely that the wm Braun team could have launched a simple
satellite in 1957 (barring a latmch failure), hut it was prohibited [rein doing so after a

1956 Washingtola and White th)use review of that option. [1-7, I-8] Von Braun's team got
its chance only after the first attetnpt at latmching a satellite with a Vanguard launch vehi-

cle resuhed, t)n l)ecember 6, 1957, in all embarrassing launch pad explosion.
"File etllbarrasstllellt Callle about, ill part, from President Dwight D. Eiscnhower's deci-

sic>It tO alltlOtlIlCe the attenlptt'd lifloff well ill advance. In October 1957, shot'tly after + the

surprise launch of Sputnik, Eisenhower was hrie|ed on the situation and told of a platmed

Vanguard test launch in l)ecember. The test was to be tilt' first launch of all three stages
and the first launch of the secolld stage. Thc \rallgttard tealll and the IlatioII got their lirst

taste of tile political sensitivity of the space program when on Octoher 9, 1957, President
Eise,dlowcr announced in a news conference that "tile satellite project was assigned to the
Naval Research I_aboratorv as l'miect Vangttard .... The first of these lest wqficlcs is

planned to bc launched it(I)eccmber of this year." [I-9, 1-10] This put the lat|nch team in
the tmenviable, and tmtenable, position of attempting in put)lie the latmch of an tmtried

rocket--the three-stage Vanguard had never been tested as a unit. On Decelnber 6, the

Project Vanguard team and the t,]nitcd States watched in dismay as the engines of the first

stage ignited, then exploded in a tiel 3' exhibition, while tile world looked on. The press had
a field day with the incident: "Vanguard _It:_S Kapttmik, Staypumik, or Flopnik, and

Americmts'swilled tilt" Sputnik Cocktail: two parcs vodka, one part sore grapes."*"
It was the first and last t]tilure of the litst stage in the Vanguard progtam, I)ut it set ;t

tone that carried through tile early days of the U.S. space t)rogram. Not only had the

Soviets been th-st into space, trot the United Stales was not even a near second. The

Vangttard faihne heightened tile perception that U.S. engineers were space bunglers, and
it stiffened U.S. resolve tt) hest tilt: Soviets. A_ssome U.S. pt)licymakers (bttt never President

Eisenhower) saw it, winning the space race would demonstrate t() the w()rld, and tt) the

nation, the superiority of the U.S. political and economic system. But first, rocket engi-

neers had to latmch a satellite.
A nlt)nth before the Vangttard faihtrc, after receiving White l|ouse permissic>n to pro-

tt'etl with an alterltalive to Vanguard, I)OD ordered the Arllty team at Redslont" Arsenal

to prepare its Jttpiter latmch xchich' tot a satellite Imtnch. l 1-11] The Army t(';-tm qu ('kly
nul(le itself really. Adding an atlditional upper stage tt) the.]ut)iter C gave the vehicle the

at)lilly to l'each (_rbit with a small satellite. When the order camc to tilt: ABMA to atletllpt

a satellite launch, the Jupiter C with the fourth tippet stage hecalile the Juno 1, which on

January 31, 1958, lifted tilt" [ivst t!.S. satellite, Explorer I, into space (Figure 1-21. [1-121

Because lithe l's lift capacity was lintited, Explorer 1 weighed only eighteen potmds, but it
carried i'nstrunlents that made possible the discovery of one of Earth's natural radiatit,n

belts, now known as the Van Alien I)ehs.
The Vanguard rocket, too, finally achieved success on March 17 195& when it

launched the Vangttard 1 satellite into orbit (Figure 1-3). Ahhough Vangttard was quick-

I} r Stlpel-ce(le(l t)V other, more powerftll rockets, its COlnp_) ICIIIs. especially its Ael-ohee set-

()nil stage and its st)lid-titel third stage, had intportant roles in the later success ()t the
Scout and l)eha lattnchers.

39. P,'cmhcr _Oll thrum, "l'hc Rcdstonc,.lulfitcr, aiM.lmm," in Emmc, llistm'v o/ICmket 7_,Hm.l._g,),p. 1I.t.
1(I. Walter A. Mcl)ougall .... Itu' Ileav*'_i_arid/he I':aHh::t I'.liti*a/Ili_tm) ./ lb..";pa.' ,tg.,'{Ncw }]_lk: Basil

P,o_ks. 19851. p. 154
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l'Tk_.un, 1-2. 7he htumh (¢ ICv_h,n._ I, .. ]anua 0 71, 195,_',

11):48 p. m. l(.ffern .Yla_da_d 77me, al.[J Ihe ]upitr_=C mricrt

.r&i.allv (h'_,ek_p_'d t_ Wet.her :.m Bpau. a_ pall i¢ the h.l

listi_ mis_ile ]m_,_wm al It: Ib':Atone ..b:_en,li. tlu.l_vilb,,

Ah_hama. (ITS. A_. 0 phol_)

l'),_lll_ r 1 _. ,t t:'_/ :it the' Vikinlz mrl.q u_ed to h.tmh thr

_h.Lrua_d _:h'llile. 7"1" 7 BI'. Thi_ salellih" u,tt_ part .[ the

I '.,g. I:mth _:a,,l/ilr pm,qnnm l. phue i. I':a_th mint the/h:_t

Amr_4ta. w:t_'llite .n I'i'hrua_y 5, 1958. 7h_' _at:llih' _t:.uhl

¢llt'ltgttt_' :ltttl_/lltt'tlt :lt'_lsit_" :111(I t t)lttltt( t Lrt'tt:l_'ti_ tlle:l_ttte

mrnt_. !/I,._ 57 w.,.ds o/ [liLd:t , ,...e_thm u_its o/thr/i_t

_t.ge _._t.d _'_trm /:.b,d. At 20.OO() fi,el, /hr m:krt vr_'_rd q[]

_.t.w and hmk,. a[mH. _\),t until Mtm h 195S d_d D.f_'...I

I _._, ,_[ul(v e.te_ I'.a_ th mf_il. (NA SA [,h.t. 1_'1N q.| )

In these early days of the U.S. spa((, program, relatively small moditications to the

launch vehicles that were already available enabled ([csign(ws to create ]aunchers tiw ever

more demanding pr(!jccts. For example, t)y the end of April 1961 ,Juno II, which derived

directly fiom the Jupiter IRBM and was essentially a larger version of the Redst()nt.,

carried the deep space probes Pioneer 1II anti Pioneer IV" toward the Moon and Exl)h)rers

VII, VIII, and X1 int. Earth orbit to rettnn data ah()ut th(' t)hysical characteristics ()f near-
Earth space.

Missile Development

Umil l|_e early 1950s, missile designers had tot:used on the eventual developnmnl oF
large ICBMs produced to carry the massive nuclear warheads that the United States had

developed immediately after World War 1I. The U.S. slrategic doctrine of the period
depended on large t)_)nd)ers to (any nuclear warheads over the Soviet Union should hos-

tilities hetween the two superp()wers reach the tlash l)()inl, and only a [i,w dreamers exl)(,c_-

e(I ICBMs to gain ascendancy much I)eti)re the nil(Idle of Ihu li)60s. By 1953, however;

sci('nlisls discovered how t() make a relalively lightweight thermonuclear weal)on , and U.S.

officials discovered that the Soviet Union ha(l mad(" considelal)le l)rogress in deveh)l)ing a
h)ng,-range missile. These ('vents led to a reevaluation of the [.!.S. al)proach Io I(;BM (h'vel-
opmcnt. In 1954, the Air Force Strategic Missiles Evaluafi()n (;()mmiltee, chaired bv math('-

matician John yon Neumann, urged the development of a relatively small ICBM, c_q)al)h' ()f
launching the newly developed weapons toward the Soviet Union+ It also recommended the

creation of a special development group with sufficient thnding and authority _o proceed
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with dispatch. Tile Air Force created the Western Development Division, which later hecame
the ,adr Force Ballistic Missile Division. The Space Teclmolob,_' l,aboratories of the Ranio-

_loldridge Corporatio,l, the precursor to tile Aerospace Corporation, provided systems

engineering and technical di,'ection for the Ballistic Missile Division. [I-13]"

During the mid-1950s, the Air Force started work on two major ICBM systems, t)l)lh

of which still play a majo, role in U.S. space mmsportation efforus---Atlas and Titan. It also
started work on the Thor IRBM, which employed related technologies. These pro.jects

canle to fiuition in the late 1950s, adding to U.S. strength in the missile race and, soon

after, to its ahility to place satellites in orbit.

The Atlas I(_BM--a prqiect that had originally started in 1945 as a classitied ,adr Force

eltort (Pro iect MX-774) and had died ill 1947--was reborn in 1951 as a five-engine mis-

sile generating a takeoff thrust of 650,000 pounds. In 1954, it was redesigned and reduced

to using three engines based on those originally developed lor Ihe Navaho. Tile Atlas

incorporated several new design features, but one of the most intl)ortant was the intro-

duction of a pressurized stainless steel luel lank, designed to can T some of the structural
burden. This innovation, introduced by Convair engineer l_u+el .l. Bossart, reduced the

need tor slifleners and nlade the Atlas lnuch lighter t'_)r a given thrust than earlier designs.

Bossari's team also introduced gimt)alcd thrust nozzles and a warhead that separated ti-om

the missile after hurnout. The tirst successful tlighl of the Atlas llccurred in Decenlber

1957, a[ter a series el hoth niftier and minor development prohlenls. Its litst usc as a space
launcher oCctlrred on l)ccelliher 18, 1{158, when an Atlas t>t>ostcr latillched into orbit a

conlnnlilitatiolis payload weighhig sixiy-ciglll kilograms.
()ill of lectiiiical ct)nscrvalisin aiid a desire to reducc lhe risk of depending oil singlc

industrial sources till the Atlas, Ihe Ah FoI-ce conlracled wilh olhtq []rills to develop aller-

native apprt)aches tor the major sllhsysleills. Atlei asstli-iilg Iheillselves that the Alias
design was Oil a SOtliid Irack, ill April 1955, Air Ftirce olficials apprllved the iilCOlptllation
of several of the alternative siihsyslenls, which in,¢olved iliOle s_qlhisiicatcd I(.chnolo_)'

dcxclol)nicnl, hll(i an ahei-nale Titaii niissile, which was Io lit" huih hv lhe Marlin
(]orporalion. Unlike lilt' Alias, lilt' Tilan missile had a nitlii_lcoque airfranle, in which the
aluniiiltlni skin al)sorbed illliCtl of lilt" slress of tlighi, and a iilorc sophisticated _ilidalice

sx,'sielll. It also had a dit]crenl tlrst-slage ellgille, buih hy :\err!jet, which bllrlled l,OX-
lqelOSelle fuel instead of l,()X-alc_lliol. *-' ]'tie Tilan was also a It'lie lwo-sla_c nlissilc

dcsiglled lo tic latlnched Ir()II1 a hardened, ulldergrolllltt launth silo. The Titan l missile,

_uidt`'d by a COlllbillaliOll raditi-incrtial giiidalice lll0cliaitiSili, had its lit'st full test ill
Fet)rlialV 1959 alld was declared opelaliolla] ill 1967,

l)tlliil_ lilt" CallV 1971()s, illaily Ah Force o|tlccrs had t)ecollle ct)nviilCt'd thai lilt_'

t rnhcd SlaWs ileede(l aii IRBM, and ill.lailtiary 1955, the Scicntific Advisory (]_lliinlillec

of lhc (}tt](t" _.)t lilt`" SCtT¢'larv of Deti.!llSt" leCOllllllelldi'd thai the Air t;'tircc prtitecd.

t towcver, the Arlll+%; which was (Icvt'lol)ing lhcJupil(!l; el}jetted, as did the Navy, which also
wailtctl its OWl1 tll'ogralll. The Joint (;hiel{s of Stall colnprl)lllis('d t)y FCCOllllllellt`lin_ It)

SecFelal-v of 1)et{qise (Jlarles Wilson in Novenibcr 1955 thai the Air Force develop the

Thor, _Ttlile the Atlily and ihc Navy workcd .jt_intly Oil lhc Jupilei; The %41"eslelll

l)evclollnicni Division gel Ihc l]lt>i assi<t_innciil a nloillh later. '_
l'hor was tllldt'ltakell ;is a high-risk prl)glalli, having the cxplt:ss goal of achieving

t]ighl within Ihc shorlest pt>ssihle tinle. Using t,llgines originally developed tilr lilt, Alias,
Ihe Thor had its first coniplclc latilich pad los[ iii.lanuaiy 1{157 aiid a full raiigc Ilighi lest

in Sclllclillicr of thai yeaF B1 Dccciilbcl 16, 195S, tilt" Strategic Air (]()illlilalld successtul-

4i. Nillc thai the dOCillIIt'lltS at tllu t-rid (if Iltis ,<hapieF aft' iii)1 nt'ct'ssatily in chll)llOli)_i( _il ordt'l.

47. hi kCt'lling with hs desire h_ inainlain inore Ih;ui one suppliel tot (iilit al laiilith i('(hlil)lol2?,, lh(' Ah

For( (' ( ll¢lst' ,,\cmi<.l io build lilt tql_iii(, t_lr ill'," 'l'ilaii I. ;\t'lQjt't tl_ed lilt' s_iiil(' r(ickc! ilil)ll)l Ic( Inlld()_,,3' us¢'d in

Iht' ,\ilas iiiissile Cilid inigiii;tl]y dcxt,lopcd Ibr lilt' Navilhl) liiissil_'. Thc Marlin (](iln])aliV lluih lhc _;lrilCilllt'.

•t3. Nt'utt'ld, lhd/i_li< :lli_ib<_, t_p. I.t(7t7.
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ly latmchcd a Thor from Vamhmbcrg Air
Force Base in (:alifi)rnia. Tim test mark(,d

the passage [iom development to initial mil-

itary readiness. _* ()n Fcl)ruarv 28, 1959, a

Thor missile combined wilh an Agcna scc-
()n(] slagc, ]atlllcht!d tht, (irsI Air Force sal('l-

lilt, Discovercr 1, inlo low-Emlh orbit."

Under NASA's control, the Thor; using its
1)cha Ul)pCr stage and numerous tlclatiled

modifications, later evolved inlo the highly
stlcccssftd Deha launch vehicle, one of lhc

slandard vehicles used to launch NASA's sci-

entitic: payloads and commercial (,:mmnmi-

calions sawllitc.s. The 1)cha evolved from

the original model CaF,al)le c,f F,lacing a ti'w
htmdrcd F,Ot,nds into Iow-Earlh orbit to ore'

(l)clta 11 7925) that by Ihc mid-1990s was

cal)al)lc of launching" payloads weighing
3,965 pounds t() g('ostationary mmsli,r orbit
(Figm'c 1-'t).

Thc \:-2, Redstonc, ,lupilct; atnd Atlas
missiles wcrc all l)ropcllcd t)v l+OX-ahohol

or lk)X-kt'roscnc. I+OX--liquid oxygen--

has thc serious drawl)ark of requiring cool-
ing and special handling. It thcrctorc canllol

I)(' stored li)v hmg l)criods and musl l)c

h)adcd immediately pri()r to launch. I If'n((.,
I+OX is uhitnatelv tmsuitabh, tot use in mili-

lat T lnissilcs, whc'n speed in launching t:ouhl

I)c /Titit:al. In the lalc 1950s, missile design-

ers spent consid¢'rable cflort to dcveh) I) stot--
able liquid i)rOF, cllanls and s()lid tucls.

The desire to Ol>(,rate lr()lll a "hard-

/':,£,v,r_- / t. l']++s p/,o/%_*:q/i ,/a hmgln.k Ih'lla no. 7_ *od<

_/ +v+*_Itch,,... h*_v*s! 22, It_6_. at A;'_lm',',_'_ ._;pa,.r (Sw/c_

i,/ I.a,,.la II _k,,++_,:h; :,.+mh r,,,{li,q_,,_/*:+,,, p,, /h; i'i,,,,c,.,

l'_ rtrtH:ll woH[d h:lz,_ 1:*'¢'11¢all,,d tS.m,e) lO. ll/m_/ #+lim hrd

o_ I_Ku_/ 27. ho;r,:z:_._; //u" la,mh _,¢'tli:l*, mal/u,rli, m,d

/hght I{y Ihe )aut_r wtfi'h o//i¢:,: (Aria',' 'l pho:o :_9-1_14-t2)

cried" launch sil(!, bch)w grotmd and solidly encased in (on(rctc, aim to I)(, ready to

launch with only a Ik'w minttlcs' n<)ticc, als() a+Clt,d t() Sl)e(,d up the developm(.,nt <)f hvpcv-
golic, sloral)le fut'ls. The Air For¢:c cml)arkcd on lh(' dcvch)pmcnt of the Titan II missile,

which later became a m<)(h+st-cal)acily launch v(dfi(lc. "' h psed it mixture of unsymmetri-

cal dimc'thylhy( razine a _(I hydrazine, oxidized 1)v nitr()g(,n telr()xidc. The two-sta{ge Titan
I1 represented a maj<)r leap in technoh)g T dcvell)pmcnt ()vcr lhc Titan I. Not only did it

use storable prol)tqlanls ' it als() had all-inertial gtfidan(c. NASA ch<)sc the I'ilmt II to
launch the (;cmini Sl)aCccratt into orl)it. +r

II. R()l),_'_t I.. I'<'_',. "lhc ..\tl;ts. "l+h,.)_. Titan, and Mintm'mau." iu l':mm(,, l/r,', I/is/o)'+ ./IPruk,"/ Ii.+h.,+I.¢3"
p. 151. - ,

45. This was Ihc thst <,! man?, salcllilt.,, in Ih,.. (:oHma s,mics ot Sl) } sau'lliu.s. ,";cv l:';va,,nv A. Da b,lolm M.
[,ogsdon, and Ihian l.at('ll, l'.'+e i*+ Ih+" .S'k+': "lb..S'/or), '4 the ¢:,mma :'q9 £'alH/ile+ ('Washington, 1)(:: Smiths(mi;tt)
lnslitttlion ])ICS,,, 19!IN).

16. Tlw 'l'ilau II was (h't<)mmission(,d as an I(:BM hctw(,cn l.)S_ ;tnd 1987. Fourt('cn w('rc r('h))l)isht,d as

latmt iwts :tnd, during lhc l!),80s and 1990s, hav(, l)c('t+ ust'd t() l;),unt h a vmi<.'l,, ()I mm)mat,v(l l>ayloads, inclu(l-

lug lit(' Nali()nal ()(cani( and Atm()sphcric Administration (N()AA) "st.l'it+_, <)t I)<)laH,)hiting laut+ch v('hi( h's.

47. Scc, CSl)Ct ially ' I),avton C. l[;tt kct arm lames M. (;rimw()()d, (..). the,_,h.ulde)+ o/'fita.+: A liAr.r)./I'm/ell
(;rmb. (Wa..hingl(m, 1)( :: NAN\ NP- |3(t2 ]t)70L



Tile Atlas, Thon and Titan were all developed according to the management tech-

niqne called "concurrency," in which all ln_tjor systems and subsystems were developed ill

parallel. This teclmique called tot the planning and construction of industrial production
facilities and operational bases even befi)re initial flight testing began. It put great pres-

sure on the development team to oversee each step of development vm T closely. It also

meant thai (1) both the authority and responsibility for decisions had to be located with-

in the same agency, (2) program managers had to have a high degree of lechnical com-

petence, and (3) "flmding and progrannning decisions outside of the authority of the

program director had to be both timely and tirm.""
All three of these programs achieved their objectives relatively quickly. AS Per D' has

noted, "The management of technologT became the pacing element in the Air Force bal-

listic missile program. Moreover--as had no1 been true of an t' earlier nlissile program--

technolog T involved not merely the creation of a single high-performance engine and

related components in a single airframe, but tile tlevelopmenl of a tinnily of coml)atible

engines, guidance subsystems, test and launch site facilities, airframes, and a muhitude of

associated devices. ''_'

Missile development also led to one olher major tccbnolob,_' advance that is now a
common element of modern launcll vehicles--the creation of rocket motors propelled by

solid fuels. Solid propellants are composed of an oxidizer suctl as anlnlonium perchlorate,
a fuel such as aluminum powder, and all organic binde, lo create a nlixmre capable of

being cast ill a ,ocket motor casing. When ignited, the mixture continues to burn wilhout
benefit of an external source of oxygen. The advantages of using solid rocket fuel for a

mililatw missile are enormous. Rockets loaded with solid propellants can be buih and

stored'for long periods, and they can be moved around readily. As noted above, JPl?"

developed solid-tirol jet-assisted takeoff rockets during World War 11, and its small solid
rockel nlolors were later used as tq)per stages in the Jupiter c. _'_However, the difticuhies

of mixing and casting solid propellant in motors large enough to carry a nuclear weal)on,
and tlae absence of a satist_ctory igniter, had prevenled its use in missiles. Amnmnium per-

chlorate, tlle oxidizer of choice, is hard to handle in large quantities and ditficull to mix

evenly with an organic binder. In addition, Air Force scientists and engineers needed 1o

devel(_p methods tot controlling the fuel's burn, its rate of thrust, and its direction, as well

as ways of constructing high-strength, lightweight engine cases.
l_s,,Oclober 1957, the Air Force had made substantial progress toward building rock-

et motors large enough to propel a nuclear weapon, but it had no solid-fuel missile devel-

ol)ment pr¢)ject in place. Although solid-fuel missiles had been considered tot tactical

deployment, they had no! reached a level of reliability and tilllist sufficienl to serve as
1CBMs. Howeverl the perceived crisis of responding to Spumik, coupled with lilt" techni-

cal progress made in lilt" 1950s, injected a new tlrgcncy into U.S. plans for developing a
solid-fuel ICBM. :'_ [I-14] Studies (leveloped tile concept for Weap(m Syslem Q, a three-

stage, solid-fueled ICBM, which wonld be deployed in large quantity in hardened missile

pads. In Sepleml)er 1957, Ibis was nanled Minutelnan. By the end of 1957, tile Otfice of
tilt" Secretary of Defense Ballistic Missile Command recommended thai tile Air Force

48. Pmtw, "The Atlas, Thor, Titan, and Minuteman," I). 148.

4% Ibul.i p. 151L See also ()..J. Ritland. "(Zoncurrent'.," ,lit I'uive_il)' Quarl_ly HeT,i?w 12 {Winter-Spring

1960-61 ): 57-62.

50 ]Pl..whith was estat)lished in 19,t4 as a U.S. Allny tacilily, was tlansterred to NASA on l)ecemtwr 3,

1958. The Calitornia lnstituw ot I't'chnology (Caltech) operates it trader c(mlract to NASA.

51. The Jupitcr C used clcvt'n solid-lhel Baby Sargent rockt'ts tot its st'cond stage, six <)t them tor stage

three. To place Explorer 1 in oll)il ill 1958, the ABMA employed a single Bah_ Sargent rocke| as a |O'tll-th st_tgt'.

52, N(.uli'l(I, I_alh_tu Mi_sile_, I). ')')"
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begin a program to develop the Minuteman, and in June 1938, Secretalw of Defense Neil

H. McElroy approved the request. Although the Air Force did not compiete the selection

of the contractors fin the rocket's stages anti other major systems tmtilJt|ly 1958, the first

flight test took ]]lace only two and one half years later on Februa_' 1, 1961. It was highly
stlccess[tt]. T}I(' (tevch)pe'rs used the salllt! ('ol/ctllTt'llt_v prt)cess that had worked well for

the development of the Atlas, Thor, and Titan. ()f these four missiles, only the Minuteman

has not yet been upgraded and made into a working Earth-orbit launch _'ehicle, althougll

there have been moves in this direction as MimHemen have become excess to security

requirements as a resl.lll of trills limitation agrt'elllents;.

In March 1956, the Na_,, had also gained permission to start its own miss e program
which eventually led to the Polaris missile, launched lvom a submarine below the stn'face

of the ocean. IAke the Minuteman, the Pola,is depended on a solid rocket motor for

propulsion for nluch the same reasons tha! Air Force officials were drawn to it for the

Minuteman--solid rocket motors can be fired nearl'¢ immediately, and they can be stored

for long periods without degrading. They are also; much easit_r to banche than liquid
motors+ making thenl especially attractive fin l;umching Ir.m submarines. Tim l+ockheed

Aircraft (]Orl)ovation was the prime contractor [b, the Polaris. it conducted the first suc-

cess['ul test of an inertially guided Polaris missile on January 7, 1960, from Cape Canaveral.

On Jttly 20 of that same yeaL the nuclea| submarine (;eor_e V_a._hinj(ton conductetl tilt" first
undersea firi,lg of a Polaris.":'

The experience gained in manufiacttuing solid rocket motors tot the Minuteman and

the Nav):"s Polaris"' missile programs enabled NASA to develop the solid-flmled Scout

small launch vehicle. The Scout was first completed and launched in,lulv 1960.

In the late 1950s, while developing rocket ,helots lot missiles, rockl.t engineers also

began to work on ever larger solid rocket motors in hopes of creating a space booster

capable of placing moderate-sized payloads into orbit. Rockets based solely on solid pro-
pellants require |north's capable of generating several million pounds of thrust for dura-

lions of' 100 seconds or more. Rocket designers fitced the m;tjor problem of achieving a

sustained, even burn, rather than igniting the entire mass of propellant at once. Among

other things, this inw_lved developing the means to disperse an oxygen-rich compound,

commonly ammonium perchlorate, uniformly in an organic binder that would provide
the tirol. It also inw)lvetl building high-strengt]l, lightweight engine cases. After c<msider-

able testing, they finally mastered the tecltnique of casting solid propellant in large sizes
and with internal shapes capable of sustaining an even burn rate. Nevertheless, it was clear

that the enormous sizes (diameter and lengt]0 needed to develop millions of pounds of
thrt|st would create dilticult construction and transportation problents. However, if the

rocket motors could be t)uilt in segments and bolted together on the launch pad, they
would be much easier to construct and to transport to the launch site.

Starting in 1937 with funding fiont the U.S. Air Force, Aemjet (;eneral Corporation,
wltich ttad man||Ltctu|ed jet-assisted takeoff units during World War I1, demonstrated that

the concept was feasible by first cutting a twenty-inch-diameter Reguhts I1 bttosler rocket

into three pieces, filling the pieces with propellant, reattachmg thern, and firing the seg-

mented rocket motor. Following a successful test in early 1959, Aerojet attempted the
same procedure with a sixty-five-inch-diameter Minutemat{ rocket motor, which also fired

successfully. On February 17, 1960, Aerojet successfullv lest-fired a three-segment,

100-inch-diameter rocket motor more than _t()0 inches hmg Ihal l)roduced an average of
534,000 pounds of thrust for nearly ninety seconds.:" The test program concht(led in

53. \'ira Braun, ()vdwa B and [)ooling, Spat,, 7}avel, pp. 130-32.

54+ W',:ndham D. Milvs, "Thc Polaris," in Emme. The ftistrua. ¢*/l¢mkrtTe+hm,hjKn.' p. 162-75.
55+ K. Klager, "%egmei+led Rocket I)emonsmttion: llistorical Itcvt'h_pmcnt Pt'ior I_ [hell tTsa. at+, Spate

Boosters," L-L'\-91-687,.t2nd Congt't'xs<_ft +e I lternat o al A+stmn'mit" Ft +t r'_t < + Mot t e'd (_naq" 't Oct I_ r 1 tll
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October 1962 after achieving partial success with tests of two hmgev 100-inch-diameler

molorS." These developments demonstrated that reliable segmented soli<,l-fuel rockets

could be buih and fired in ground tests. Suuh exl)<,wienc<.' enabled the Air Force and NASA

to develop th<." large segmented solid roukm I)ooslet-s thai wcle latec used to 1)owec both

the Titan Ill and IV launchers and the Space Shuttle.

During the early development of tilt' Sat tllll liquid-fueled t)oostel, plOl)onenls of solid

rocket illotors sttgg<:sted their use in thal progranl. NASA ha<.t explored the potential of

solid rt>ckets and deuided that, whih" advatmtg, eotts tbr sortie tasks, such as launching sci-

ellli[-lt" payloads, they had not vet reached the level of dev<.qopnl<,'tlt that would make them
suitable f_)v launuhing lmol)leinto space. [1-151 In lilt! immediate aftermath of President

John F. Kennedy's May 1961 announcement that the Ullited Stales wouhl sen<,t 1)eople to
the Moon. a joint NASA-Departnlent of l)efense team examined the possible use of solid-

fueh'd rockets in accomplishing that mission; however, NASA dr,tithed 1o stand by its ear-

lier position, ttence, NASA uarvied out ,-clativelv liule developn/enl work on solid toukel
motors until they were under consitlel-athm t(_F lilt" Space Shttllle.

Launching People: Mercury-Reds|one,
Mercury-Atlas, and Gemini-Titan

l,aunching people into orbit introduued another set of uonsiderations into booster

tlesigll all(t nlalntl_+.cttue. Alth(_tlg rh the alllle(t Sel-',,'ites alld NASA were conceJne<,l about
launch vehicle It liability because of the costs involved in t'el)lauing an expensive payh)ad,

they halt little concetn _d]out safely bevontl tilt: obvious issues of possible lmmch pad and

I'allge (lalllag('. ()tlte Ill<.' iilan v lolls ()t steel, ahuninum, atl(l propellants were on the|l way

to space, the loss ot the vehicle pritnavil+_ meant extla cost_'.; alld the loss of the payload and

research vesuhs, l Iowever. the loss of lnunan litk' was another matter, the uosls of which

could not be reckoned in dollars alone. 'I'll<.' creation ot lq+t!jeul Melcury, a high-visibility,

(1.S. lnmlan spauetlight p,ogram, led to the need Io reduce Ill(: risks <d spacet]i_,hl, nol only

to prote<:t lh<." asttollattts, bul Io protc<.t tilt" space plogranl itself tt-oln <.alluel]ation.
:_stl'(HlalttS were ll{)t ii/el'elv test pilots: they xv<.'te hag Ily visible nlanit('statitms t)t U.S. teuh-

nt)h)gical and 1)l)litit:al act"tmH)lishmenls, •and th<.'v st)on becamt: tMnerican iu(ms. NASA

l)cgan to institute <ditl(:renl t)rocedur<.'s for design|fig, 1)uilding, and lat,nching the r(_ckets
destined to (amw humans. B<..cause tilt' Redsmne had p,-evi ,t sly demonstrated relat vely

hil4h velial)ilitv ;rod lliRht slability, NASA ,-equesled eight Redstone launchers tot the sul)of

I)ital portion _)t Prl)ieut Mevumy. These I)ooskqs were rood|tied to allow additional l)W)pel-
lint It) increase Iheit +lift uat)acitv an<,| to add an abort-sells|rig system it) increase their satcty.

"Man-ratinf' lilt' Redston+_' also itle;,tlll additional vetitiuations of the relial)ility of
lallll(+het" llar(lwar<." and lattllt:h softwate and cxl<.'nsive testiltg f(+l eleulronic and ntechan-

iual <.on_patit)ility with the M<.'vcury space<.calt payh)a(t. Attel all initial latmch test It) assure
that all lhe svslelllS and sul)svstems pert0rme(| together, lilt" tivst tlighl with a live passen-

gel t)<.-CtllTed <)11 ,]atlllaly :{ll 1961. when the second Mer(tny-Redstone mission (MR-2)
carri<.'d th<." <,:himpanzee Ham In+iellx into sl)ace and l)ack tm a 1)aral)<)lic trajectory •

tlowev<.'l; the Re(lst(me boosted Ihe MercuFv cal)sttlc It) a greater height than t)lanned,

and thus the capsule landed much further dt;wnrange than ha<,l been planned. The cause
t)t the booster malfutl('titm was quickly idenlitied and ve,nedied, bul vt)n Braun and his

asst)ciatcs iusiste(t ()n an additional test flight betore connnitling atn asll()naul It) a mission

at() I) lilt' Retlslt)Ite. That adtlilit)nal llighl took l)laue on Mac(h .3, lit61, at+d was It)tally
sttt'cessfttl. It it had not I)een hls('rle(l into the Merutnx schedule, tilt' Macuh tlight uouhl

5(+. Tht' test t;tilutcn x_clc tclalcd to ntalhtn_ It(ms ot thc motors' n[)z,,lc asscmt)lv, not the scRtncnt joints.
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well have carried an aslronaut, and it wot,ld have I)een an American. nol the Soviel cos-

lllOlli_.llt '_([lli Gagavin, who would have been ft,st inlo space (thotl,gh not into orbit). [l-llip

On May 5, 1961, Naxy I.ieulcnatlt (]Ollllllatl/d(+l-Al:lll B. Shepard,.Jj., did become Ill('

tirst American ]ltllll[tll ill space aboat-d l')'eedom 7 (Figure 1-5). Ills I]ight was foll<)wed by
the see<rod and lasl crewed Mercurv-Redstonc flight (m .July 21. which carried Air F<wc(.

Captain Virgil 1. "(,us" (;rissom int¢; space and back al)oat+d I.ibertv Bell Z A more power-
ful ro('ket would be needed Io place an aslvonatH inl() orbit.

For tilt +orbital latuwh (>| tilt' Mcvctuv capsttlc, NASA officials decided at lilt. statt of the

program to use tile Atlas lalmcher, which was c;q)ablc of c:uvving about 3,00(1 pounds into

a 150- by lO0-milv elliptical orbil. Using lilt. Atlas Io CiUTV p(iople required upgrading lhc

launch(.r to increase its safety nlmgins; thcrc was contcvn ihat there had I)cen fvcqtmnt tail-

uvcs during the use of the Atlas Iov tmmanncd Sl)aCC latmches. [I-171 In all, NASA procttvt.d
nine Atlas l) launche,s fiom the Ah +Force t_)l Ihc task+ _t which fimv carried astronauts inlo

orbit. NASA successfifllv c<mq) tied the first (wbilal Nlcv( tu'V tlight ten months after ( ;aga,iu
tlrsl cilcled tilt, globe.'()n Fcbrualv 20, 1962, astlollaUl .john (;l,elln orbited Earth three

tilncs in I,)+ieneLship 7, landing in the )\llantic ()<can southt+;tst of l_crmuda (Figure 1-6).

The Titan I1 I)e(am(, th(' sct:(md and last motlilic(t I(_BM Io I)e used fi)t launching
humans 1o ()l't)il; it was employed in hum<hing all ten spa.(t'(:rafl ill ihe tv,'(_-;tstronau!

(;(:mini program. Tim cxlra payload ('apa(ity <)1 the Tilan I1 (t)ml}art.d to the Atlas mad(,
il l)ossil)lc to lat,n(h a heavi(w (al)suh. , lavg¢, cn(>ugh to ;t(+t()llllll()(lalt(! tWO in(livi(htals.

(;enlini was designed to devcl()p the aSll()llalllS' skills in ()rl)ilal r(mtlczvous and docking
as a l)rccursor to the Apolh) hanav progranl (Figure 1-7). h was also used to exlend

NASA's experience with spaceflight to a (huation hmg cn(mgh to vea(:h the Mo(m an([
vetutn and to t('sl extravehicular activities. [ I- IS]

I'),.,'u_,_ I o. /he hzmp_h rq the /b:_l Ame_i_a_l to orbit lb*.

I_a_lk. (u,l:_m,_tul ]¢,kjt (;h'11:l, _m lb.; .Ue,'_ur'#,4tla_ 6 _pr_¢_'

v,.Di_h, l,_,,,, ¢b,.(.'apt (;n_mv,'ml laum b _il," Ou /'}'h,'_,','u_' 22,

19(_2 77_e . tlla_ wa_ lh,, /h:_l I('ILU developed h) the .'ti_ l'}m e

i_ the I t_SO_. (N,1.SA photo 62-MA6-111)
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During lilt" early 1960s, as military and nalional security payloads quickly grew ill

weight, it bc(illnt' clear that tile Air Force would need a booster larger than iht" Titan II

to lift ils planncd payloads to orbit. 1 lencc, it modified file Titan II by adding an addi-

tional slagt" and solid "strap-on" booster rockets and dt_sigiialed tilt" ilcw rockt'l "I'il:lll ii1.

Tile I]l'Sl Titan IliA, t';.il'l)'in_ ;i third '"['l-;illsl;l_(!," slit'(i,ssfllily [lcw on _eptlqlll)C'l" l, 1964.

Shortly lllt'l-¢'allt'r, tilt" Air Force tist'd ;ill Agt'n;t Upl)cr slat-r,c" lo ci-t, alt" file Titan IIIB, capa-

ble of'carrying <,_,3(tl) kiiogianis into low-Earth orbit. Bol-il/iSt= still _l-(';llCl" lift was nccdc, d

to l;ttlilell lilt" Air Force's largesl satellites, ihc Air Polce add¢'d segitlciilt'd solid-fucl rock-

\'is 1o t-rt';itc iht" Titan IIIC. It cnlploved IWO slr_tp-tlli boosters lil;lde up _1[ five ten-loof

dianleler SC_lllClllS thai t,×ieildt'd cigiliv-si× fct't ill heigllt. The bot)StCl-S Wl,lC developed

and iii;ululaclurt'd by United Tt'chilolOl-,7' (;t, nit'i, using techniques it developed in lhc lail'

195()s?: The tlrsl test flight took place in,itlll(' 1965. Ttie Titan IIIC was capat)le of Iifling

13.10ll kilograms inlo Iow-Earlh orbit. For (,VCll lllOrt_ nlassive loads, tilt" Air Fol((' t'Oll-

lracted wittl Marlin Marit'tta Io build the Tilan IIID ;tnd Titan lllE, both of whictl tist-d

iht! s.lid rocket t/oosicrs fron_ iht_ Titan 111(; I)ul had lnorc |lowcrt/.il tippcr si;lgcs. Tile

rockt'l t, Olllbill{lliOll witil lilt" _,rt'illOSl lift capacity was lilt" IIIE, which Clllploycd a clS'o-

gt, nit" ill)ill'i si;l_t, called thc (]elllaur, []rsl desigiled tilt" USe' on an Alias Io(k('l. :>_ In tilt"

1970s, NASA used tilt" Titan life wilh a (]t, llliltll uppt'l- sl;lgt" lo [;illllttl lilt" IWO M;ll'S Viking

i,lll(Itq'S (Pigurt" I-I'I). The two SllCCt'SSi'tl] flights are pilriicularly notable for oct'tillil]_ with-

1,71,1,re 1-7. The laum'h o] the ./h:_t pil_Jted mL_don o/ the

Gemini pmgr_am, Gemini 3, atop the sturtt_' and reliable 77tan

laitn_h vehi_b'. "fhe Titan was orik6nally deveh/ped tit part o/

the Air I:olv'e'_ I('B.U pmlZmnl in the #tte 1950._. This launch

took pla_e on March 23, /065, with aglnmautg Gus Gri.gsom

a.d l.h. }hl_#l_ ah.a rd. (,X'A,_;A ph.t. t_5-I1 448J

kTl.ure I-8. The launch _?[ the 17king space probe to Ma_:_ in

1974 atop the Titan III hmmh $7;_tem. Sil.olifitantly modi-

lied, m_d thrust-enhanced m,et tinie, the Titan [ami(_ oI

laum he_s ha_ e_!j_erl enorrttfnt'_ ,,tie\ es', rt'; tt vellit le Ihal ca'_l

place in intuit, a_ld en mute to other planet_, a variety rJ_paee-

¢1:{[i _ql_rll_ell ill all ma tt _ie_ ¢4 applir a liott s. ( NAN _ photo )

:'_7. \Vinlci, t¢t,_ket_ lid_ Spa_e, p. 97.

,')_. Tilt" It'llll "(T)tlgt'llit '" rl'lt'rs t(I thl' I_>w |¢'llll,_¢'l{tttll ('s it'quiit'd to t I t'{!lt' tilld nttll¢' liqliid _lx)gt'n alld

liquid h_ d_ol¢cil.
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in only lhrce wceks of one anothel. Vikiug I was lau]lched Oil Augusl 20, 1975, tbllowed

on Septemllcr 9 by Viking 9.,', They were launched from the Air Force-maintained Titan

launch pads al (|apt, (]anaveral. FMrida.

(]onvair, wilh funding from tim Advanced Research I'r_!jects Agent) (ARPA) and the

Air Force, developed liw (;enlaur i,pper slagc, which was successfully lesl-t]owu on an

Atlas rocket oil November 27, 196!'I. The (;Cllt+lill, which is still in usc,+employs two Pratl

& Whitney RIM<) engines, and it was the tirsl liquid _lxygen-liquid hydrogen (I.()X-

hydrogen) engine to demonstrate the capabililv to restart in spacc.'"' 'l'l_e Ailas-(]entaur

rocket |3as launctled spacecraft 1o Mcrciuy, \:emts, Mals, .[upit,.l; and Saturn, as well as

IllitllV COIlllHllliiqaliOllS satellites to gcOSVliCIllOliOllS Ol-Iiil. Tilt, dcvc]oplllenl of lilt"

(;eillallY providvd tile Air FOl%'C alid NASA'wiili sit._nillcani expciicncc wiih lhe llrol)lenis

ellCOtlnleFCd in tisill_> liquid hydi-olzell |]:>1- i)ropulsion, which assisted ill l]ie ]alel develop-
IllCl/i ot' file ¢i_/'o_elli( en_iiics used ill Ihe Sallli-il SliaCc boostc.r l)l-O_i-aill.

Nuclear Propulsion

()tic' of I]le ilioi'c intelesiing aspects of rockl,t developnielll was lhe partneis}lip

t)elwi,cii NASA alld iiic Aloniit l']llelg_ (]oililliisSiOll (AE(]) ill developing lluclear lockt.I

engiiics. Seen striclly I}oni l]le siandpoinl of avaihii)]e power tbi rocket lhrust, a nuclear

iockl.1 gcneraling ileal fronl llssion is niucli niorc efficient l]lan c]lclnical propu]siou, allow-

ing lnuch ]iigher liirllSl. Nuclear Iockels have I)_'cii of pallitular illlCiesl t_:li ililerplalit'lalS.,

spacelliglll, because itiey could inarkedlv shorlcn |rips Io |tic pianels, tlowevci; Ihcy also

|)rest'Ill tOl-llli(lal)lc CligilleClillg alid s{ifiilv clial]enges. The IlOliOll ()f" ilSillg iltonlic cilcl_'-y

as a tliel SOlli(e was 1)riet]y (!xphiicd I/_ KOllSlallliil E. Tsiolkovski_; Roi)cll It. (;cid(lard, and

(tlht'rs, ])ul lhesc caiiy ltit!<)i('lici;illS _llld expt'rhni'illt!is welc (l';iuiiled I)'¢ ill(" pl(itileill (l["

conli-ollhig fill' enorln()us polenlia] [iir explosive, ralher lhau controlled,' releases of ent'l-

g}'. li was ilOl until atier conlrolled nilclt!iir fission had I)('en ac]lieved hi 1.q47 ali(I alter

%{_n-l(t \4t_ll I1 |hal |lie te('hli(ilogry t)cgan lo rt'ceive seliOilS alleliliOli in rockclr_t

NOllh ;\nieiican Avialion ((mipleled the t]rsl delailed (classified) sludv o["lile issue in

1947. It-19] h con(luded liial il lill(leal ro(kcl would lit' t_'ilSitlh, if seine st{rious lechnica]

hurdl(.s could I)e ovei(ome. Be_ililiili_ in lhc' late l{)40s, lh(' .,\i_](] also expt-rilllellled with

lilt" ilse (if nutiCal power in ah(rafl, which gr,enerallv conlril/uled Io the _ovt!rillllelll's

technical expertise in litl(]C_ll pl-Optl]sioil. Robert W. Bussard, wll_l worked eli lilt- nu(lCitl

ailCiati t)lOgl-alli al lhl' Oak Ridge Nalional I.aboralorv, I)CCalilC inlert'sled ill lhe (hal-

]elide el +lltlcleal-lockelry and pul/lished {ill illltlollalll i'_?pOl't ill 1953 Ihal illfhlellCed tile

Air Poicc ill its decision to Slal-I up ;I llU(]eal rocket pl-ogranl. '_l t lis work COllVilIced

oft]cials i]ial uuclear rockets nlighi tit" feasible ailcrnalives Io cheinical ])ropu]sion tT)r tlal-
Iistic inissiles."-'

Botli lilt' I.os Alalnos and |.aWlCticc ].ivernlore Nalional I.aboi-alOl-ies estal)]is]led

small ])iogranls Io ili,_t,sligale lltiC]eal propulsion leCtiliO]ot2,-ies ill dciail. Ill Nov_<qnt)el

5_.1. l_]dWal-d (]. EFvll and l,inda N. Ezell, O. Ma_:w Ir]xl;I"#vI/i¢a. "_//D_' IMI /'l¢,'nVq 19571>- I_J77¢ (V_'ashint411111 ' I)( ;:
NASA SI'-.1217. 1984 , pp. 32.-i-96.

#;(). This It'sl took plate llll ()(Iobl'r 9li. 196ti. The _apabililv l_l slatll ill Ihc llC{ll _.aCillllli lit sl)a_c _as

CXIlCilllq) iliipoilCilil Ii) Ihl' _ii(TCSS Ot Ihl' ;\polhl I)iot_iaill. _1'(' J,dln i. <_lll_lp, <"l;.'cliil_llogical lliliO'_alillli tor

Success: IJquid 11)dl_gcn l'ropulsi<m," in Frcdvli_ k (:. l)uranh cd., llehvee. <S7.,._',,///¢ rl#ld .7tlllllle." Nt_i'v Pt'#_l*t,<ljl,e _

._t Amem=_, A_/m**_tulit', (14'ashinglon, I)(::/\lllCl'i(all AsilOlialllicat N_l('it'lv 1985), pp. 225-<_;9.

(]1. R _I¥, BIiS,;ard. "NIich'ar l_]lil.i_-y I_11 Rockc! Pr_lptilsion." ()a'k Ridge Nalillnal I,alloralorv, ()RNI,

(:F-F>3-1i-6..]ul) 2, 1953. This was iml)lislwd in 17eratin ,S_.'.u, f*.d 7;'</l##o/0&q,, l)ecenlbl'l 195!1, pp. 7_i-iTtl. This
sccic1 i}lll)lilalil)ll i_as dcclassiticd Oll _'l)V{,lllbcl 4, 19(_0,

67. :\ liisimical siillliliilFv _lt lhe +.'ark' reseai,< h hi lilll Icai rol'kl'ls appciii's iii Roberl %4,'.flu_sald, ",N,'lll'lcar
Ro_ kt'lix_']'}le Fhsl l/ii_hl thq_v," Actm,,x..li¢:_ (I)l'celnl)el t962): 32-35.
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1955, the Air Force and tilt" AE(: tbnnallv started Project Rover, with tile goal of harness-

inR the entnnlous power of nutlear lissi_m Ior spaceflight. Some Air Force officials feh

thai nuclear power woukI be of use in powering ICBMs. l,ivernlole was directed to fk_cus

tnl uuclear ranljets tulder Projecl Phlto, leaving l,os Alalnos to develop a ntLclear reatctor

ltn it iockel engine. In 1937, prograni olt]cials had chosen lhe area ill the Nevada Test Silt'

called.jackass Flails to tonduct engine tests, l,os Alamos developed tile Kiwi experinlental

nuclear reacttir, testing several versions art Jackass Fiats between 193{) and 1964. '_:_These

lests demonstrated the use of carbide coatings to prevent hydrog, en erosion of the

graphile and established nltlllerotls cltlciaI details al)ottt reaclor design and control. The

testing of the [ilSl Velsion, KIWI-A, eslablished the technical t>asibilily of (lealill_, d
nuclear rocket. Nevertheless, it soon becanle dear that solid rot:kel propulsion was of

nluch greater Itse for ballistic niissiles than nuclear engines. Among other Ihings, nuckml

bOlllb ellghleels had illallatged to cl-eatle ntlcleal Walheads o[ llllIch reduced lllT/SS, Ihele-

by relaxing the lift requirelnents liar nlissiles.
• Soon ariel tilt" creation of NASA, the Eisenhower a(hninistration Iransl;_'rl'ed Ihe Ah

F(ll'te's i'eSpOllsibilil'¢ till" IlClt'leill" lockt'Irv to NASA. NASA and lilt' AEC created the NASA-

_\E(; Space Nuclear'Propulsion ()tlice ill August 1960. Duling his Ma) 25, 1961, speech

tilled "l_'rgenl N;llional Needs," President Kennedy urged a Sl)ced-u]) of the Rovel nuclear

iockel proglanl, proposing a lhreelold inclease ill funding.'"

Soon aftel; lilt" Space Nuclear Plopulsion ()tlice began lhe Nucleal Engine for Rocket

Vehicle Applicalion (NER\:A) program, with the eventual goal ot flight-testing lhe NERVA

engine _lll ;t Saturn rocket. Aero.jel-(7,eneral and lhe Westinghtmse Electric (;OlpOlation

Wele aw,uded at contract to develop the NER\% engine, which was to be derived [ronl the

KIWI-B test engine then undergoing tests :.tt.J:.ickass Flats. In it prograin called Reactor-hi-

Flight Tests (RIFE), NASA planned to itse ;l flight-rated velSiOll of ihe NER\% engine to

powet the third stage ot+a Saturn V."" A lk'w NASA officials contentplated thai it might serve

;is a st.cmtd tit third stage on the even larger + Nova vehicle Ibr which some NASA engineers

had been arguhtg. In the spring of 1!)1"12, NASA selected l,ockheed Missiles and Space

(kin/partY as tile prime contractor For lilt' nuclear stage. As planned, the R.IH +lesl vehicle

was Io c011sisl of Satttrtl I(] and Salltll'll ll stages, topped b,v lilt' Sattillll N llllcleau stalge. |11

its lUmU" tlighl t-o|lfiguratlion, it would launch a crewed spacecraft and lunar lander, eXfler

Ihc t]rst two stages carried the Sl)atecra[)- beyond E;ulh's almosllhere, lilt' nuclear engine

would be sialted Io carry tilt" CleW to lilt' Moon.

By the end of 1963,'the nuch'ar rocket effort was already ill decline as NASA focused

on making tile Aptlllo program a success using niore conventional rockel engines. Budgel

redttcthms [k>l+ted NASA atnd tile AE(: to lerniinate lilt" RIFE pro.jecI. They c,nvervcd tilt:

NERVA tn'ojecl to ;t technology e[tolI llSillg gl+Otllld lesis of Illl(]eaU + ellghles and colnpo-
nelllS. ]llelweell .\'[atv 196t atilt[ Marth 1969, Ihe NERVA prt!ject tested tllitteen leatclOlS,

essentially coinple{ing the technology phase. The KIWI st, vies was fllllowed by a

.5,tl00-1ite_awall reaclOl nalned Phoebus, desi<_lled 1o achieve highei" leillpeialures and

IOllgel opel;llhlg lhtles lit Iowel specific weights. NASA p];llllled lo lint" al tlight-ralell Vel-

sion of Pllllel)liS till sl)atte tlatvel. [1-701

63. Ihe ii_llnl' "kiwi" tO| the it'al llll derives Irolll thc II;tlllt > ill Ihc tliglilh'ss hitd native Ill Nmv Zealand.

Ii I. hi lifts spt.c_ h, Kenlit'd', announll'd Ihal "an additional $23 iniliilnl, Iogellit'i _iih $7 inil]illii alrl'ad'.

axailablc, will accelerate dt'vclolnneni .t the I_.OVER lit|clear iockcl. This gives plmnisv .I s.lnc da) Inmiding

,i int'.illS tili t'%tql llll)ll" excithlg and anibilicnls CXl/Ioralion ot space, perhaps I)c]_lnld lhc lllOOli, pt.ihaps Io the

Vt'lV t'llds ot lh¢ solal s_Stelll ilst'[I." St't' t)llt iiiil('nI Ill-I 7 ill ]Aigs(toli, _t'll. i'(t., I+[xlJlo#illl_ tile I 'l_J¢#t01+,##, I: .l'l'.l-7>.l.

6-), \_,. 5,tl)ll l;{'l[li'.vs. "RIFI" ,/',I_<lJt/<lll//l:_ (l)¢..dClilbt'r I':)ti!t): 3bi-47.
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lit 1968, the project initiated work on a 75,(tOO-pound thrust Ilight-rated engine having
a specith + impulse of 850 seconds, bttt the progrant was nearing its end/"' As work on the

proposed Space Shuttle increase(|, progva.tn ofticials even t)rolmSCd that the Shlttth, would

tratlsl)()t'! a NI:RVA engine into (trl)it For I('sling. Yct that etlbrt tiA1 on deaf eats, ill part
becattse the Nixon administrati<tn and (',ongrcss continued to decrease NASA's budget,

reducing tilt' need tot propttlsion to st[pl)ort inlcrplanelat7 travel, bul also becattse of

mottnting opposition to nttclcar ])owcJ: ht 1972, Project Rover was terminated+ [1-21, 1-22]
The nttcle',u rocket ])rogram had bccn quite ambitious, and it showed the technical fea-

sibility <)f ntt(h'ar propulsion, As l)r. (;lcnn "I] Sc.tbovg. ch:tirnmn of Ihe AF.(:. stated in 1970:

Le_t you _,_q the imprt_,gion that the _Mu.lopmr.t q/,sach a .uclear rocket i_ as simph, as ils

pmu:iple sounds, let the poi.t out what i_ i.voh,ed i. it. _lTmt we re.st do i,_buihl a [ls,able

_vactm; little latimer than an Office de_k, that will [muh.e th__ 1500 mdgawatt power h'_,d o/

Hoovtq l)am alTd achim,e this power it_ a mailer o[' mi,ut_ /ram a cohl start, l)urin_r mu,_3'

rot.ate o/ it_ opoation, hiLd/-_peed pump_ maq fi_r¢e_/eath_ Ihtve t,ms ff/hydrog_en, wt/ich t1¢_

hee. _towd i. liquid/otto at 420F behm, z,'m, p.q Ihe tv(_ctot"_ while-hot /uel elements which

reach a temperatu_v q[4,000':l.2 And thi_ entity g_:glem .ta_l he capable _!]opemti.g /br hou_:_
and ,/ heinL_ turned o[/ a.d re.started with L_vat reliability. ''_

Althotlgh the tlttclear progrant had t)c(,n rclalivtqv st_((csslitl fr(tm a technical stand-

p<)inl, and il >;till had many l)r<tl)()n(qHs wilhin NA,";A and ih(, AE(:, it could not smvivc the

thn(ling contpctifion with ])rograms lit;it carrie(1 less technical risk, (:st)totally giv(,n lltc

(liminish(,d i)rosl)e(.ls ti)r intcrplan(_tary llight ira(dying lalg(, t)ayh)ads. Nttclear prol)ul-
sion inl('rest(,d mission ]:.lanncrs once again in the lair' lqS(ls and early 199(is after
)._ i • • ")-, , . ¢ .

t t( st(t( tH (,(oti4(_ Bush ,mnotm<(.(I on Jttly 20, ]9;"<;9,a F.l,m to scn<l httmmls l() Mars and

l)ack l)y 2019. Ilowcvc!r, that cFli)rt, which l)c('amc kn()wn as lh¢' Spa((+ Exl)h)rati<)n

]llilialiv(,, was Vt,l+V short liv<,'(l. (:ongr('ssi<)nal l)r<)F,()n(,nts of NASA's oth(_,r |)l<)gra.ms
l:,(.'(ant(' w()rrie(l that such a pt,l)lic effort, v('quiring mare,' l)illions of dollars of investn)<.,nt,

w()uM us(' tt t) lira(Is planned ti)r ()lht,r NASA ])r()grittns, inchtding th(' hmg-F, lannc(t
lntcrnati<)nal Sl)aCe Station.

Saturn and the Race to the Moon

Mt'('ting Iht'si(l(,tH Kcnn(,dy's 196I (halh,ng(, t() put people ()n th(" M(ton l)(+ti)r(, 1970
t+eqttirc(I mttch larger latmch v('hicl(,s; int n)anv ways, the ra.c(, to the M()on was a r[)(kct-

t)ttilding (ornt)(,tili()n. l))c(-at_s(, l)lamfing f()r sm+h l;]rgc _chich's had I)('cn iniliat('d I)v the

yon Bratm t('am and ()thers ev('n l)('li)r(, NAN:\ was ofliciallv ()l)(,n(,(l in 1(,)58, tilt' S'F.atc

agency was able Io respond qtfi('kly. [l-23] Among oth(,r thiltgs, NASA sited tip work ()n
technologi(,s that led to the Satltrn 1 and t<) tltc huge Satt)rn V, wlli(h in its final form was

(al)abh' <)[ lifting 2(')0,000 l)ottn(ls t() h)w-Earlh (>rl)it. AhhotNh the r<)ots of th(' d('sign ()f

th(" Saturn V tthinlat(,ly tract, ba(-k t() tlt(' \,t2, the Satttrn cv()b,'(,d along a (liH'er<.,nt d(w('l-

()l)n)enta] path ti-(tm the Redslon(,, Titan, Thot-l)elta, and other ]attn('h(,rs lh;-It V,/(!t+( ` ()rig-
inally (h'sigmM as missih.s to c,trry nuclear warheads efticienllv. The Satttt+n [mnilv was th("
th+st d('sign('d as pttt+(,+SF,aCe l)()()st(,ts.

W('II I)('torc K('tm('dv's Sl)t,e(-]t t() Congress, von P)rattn's team a_ tit(+ ABMA had bcgtm

t() (<)nsidtw t:,ttilding a large nmlti-slag(, )()¢ket (apal)h" oF lattnt'hing large <)l)j('cts into
sl)ace. [I-241 Von Bratm and many <)f his ('ngin(.'(.ring t('am had tiff' Moon and Mars as

6ii. (:()mpat(', IOt cxmnl)h. , th(' Spa(,:.._Imtt],.' main t'nginc's '-,tq)('rior sp<'< ilic inq)uls,., oJ 450 st'(oi_d>,.

67. (',It:m) '[: S('abot g, "A Nut leaf Spa( (' ()(l; sse_.." Rt'ma) ks It) th(" (:()mmonwcahh (',tub <)I( :Mili)rntia, S;m

Fian( i,<((>.(:A,.lul,,, 2,1, I!)70. U.S. AIomi( l':i)('tgv (:,)remission ,clcasc tmml)(,. S-27-70.



theirultintategoals,buttheyalsohadinmindanorhitingspacestation.`+U.S.ollicialsila<t
beenastonishedbytileliftcapacityoftheinitialSovietrocket.AlthoughU.S.intelligence
hadknownthattl{eSovietswerebuildingrocketsbasedontheV-2,theUnitedStateswas
nnprepat-ed|orthescopeofthiseffort.TheEisenhoweradnlinistrationdecidedthattile
UnitedStatesmightneedamuchlargerU.S.vehiclethanwasavailable--onecapahleof
latmchinglargenlilitarypayloadsandperhapshumansandthegearto supportthem.
Buildingandtestingasuccesstitlhigh-powerengineweretilemostditticultof tilenlany
tasksplannersfacedindevelopingsnchavehicle.Hence,engineersbegantotacklethe
dilticuhproblemof providing the propulsion to propel a large payload into space. [I-25]

By late 1957, they had settled on a launch design that would enlploy a tirst stage pro-

pelled by a cluster of eight powertill engines based on the _3D engine from ttle.lupiter
IRBM. Ill August 15, 1958, the newly created ARPA, which was organizing the U.S. nlili-

tarv space effort, issued orders to begin work on a new large launcher. [I-261 Increasing
tht; _3D's thrust by 14 percent made it possible to achieve ! .5 million pounds of thrust ill

lilt" cluster of eight engines. The engine was named the H-I; the launcher was tentatively

nanled Juno V. Teanl members adopted a clustered approach out of necessity because

building a t)rand new, high-thrust engine would have been too expensive." ARPA olficials

were torcing tilt" vi,Hl _ratln tt, aln to live on low hudgets and encouraging it to use oil-lilt-

shelf hardware wherever possible. As a result, the Juno V's designers I>ecanle quite inven-

tive. 7'' Although engine chlslers raise many technological challenges, by nlecting thenl at

this early stage, tile ieanl was able to provide a [irnl base [or the development of later

engine t;htsiers. TM ARPA conceived o[ the.iuno V as a static lest vehicle, bnt yon Braun's
teanl had clearly inleuded that it serve as the hasis tot a new launcher, which yon Braun

and his associau.'s called "Saturn. "7-' Shortly after ARPA gave the ABMA lilt" green lighl to

proceed with the Satnrn, NASA came into being oflicially, and the issne of transferring tile
ABMA to NASA hegan to he discussed ill earnest. [1-27] On November 2, 1959, Presidenl

Eisenhower approved that transfer.
By late Deceniber 1959, NASA and 11011 had already made many of the initial tech-

nolog@ decisions that would lead first to the Salnrn 1B launch vehicle and then to the huge

Saturn V (Figure 1-91. [1-28] NASA, working with DOD, organized a Saturn Vehicle Team,
chaired by Abe Silverstcin oF NASA. Tilt' Silverstein (;oininittee made three impt _riant lech-

nological'choices that set the stage Ior later Sattlrll developnlents. 'File}' decided to ( 1) use

liquid hydrogen (I,t let its the fuel for tilt" upper stages o1 tilt: Saturn booster, (2) develol_
a series of muhi-stage rockets, and (3) follow an evolulional)' path tor growth in which

each succeeding vehicle ttsed the proven stages of the preceding one. File Silverstein

Commiuee saw three prinutrv fmtctions for the Saturn family: (1) hmar and deep-space

inissi(ms with an escape payioad of 9,90t/ ponnds; (2) geostationary orbit payloads of

4,950 pounds; and (3) ntissions carwing humans into low-Earth orbit) in tile Dyna-Soar

program, an stir Force Innnan spacetlight ettbrl. These choices, while they introduced

68. Wclnher yon Braun, "(;tossing thv l+ast Igmlticr," Collie+is, March 92, 1952, pp. 23-29, 72-73. This was

rcplillted its part ot I)ocutnellt 1-13 in l.ogsdon, gcn. cd., l:x/dmi.g t/w I'M¢mmm, l: 179-88.
69. ,&s it was, thv ABMA |c;uii lall into ditlicultit's uprating tilt" ,";-3D t'ngiLIc from 165,000 pOtllldS I:,t lhrtlsl

lo ]gS,(}00 pOllllttS becausc till' nlort' pOWelhlI t:ltgill(' dev('loped a t'()lllhtisliOll )stahilit} thai Ihr('ai('ned It)

dl'N|llOV tt|t' cngine. This led to a (/(iMly l/t't|t'sigll,
711. _'The dire nced made us more inventiw:, and we bundled the containers to he loaded with propel-

lants." _,Ls quoted by William A. "Willy" Mrazek in Roger E. Bilstein, Stages t, Saturn: A Tedulologi_al Ilistm?; o[ the

Apollo�Saturn La,,_h Vehi, les, Jvp. cd. (Washington, DC: NASA SP-42(R:,. 19961, p. 30.

71. ABMA enginccrs also tlttstcrt'd the l)r(q)cllant tanks b',. using eight Rc(lstmw lankn, whi(h alicrnaLcly

hcl<l RP ttlt'l (a Iiirili ot kerosene) and t.(IX, surr<nlnding a single large Jupiter tank in lht + centei Ihal carried

RP hlel. Ibid.+ p. 87.

72. In writing atmut il a few years later, wm Braun n_ted that the "]luno V was, in tact. an intanl Natltrn."

.'_t't" Villi Braiill, "The Rcdslclm', Iupitcr, and Jliilo," p. 170.
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some serious technical hurdles, were the backbone of the Saturn's ultimate success as a
launch vehicle. [I-29]

The decision to use higll-energy 1.11_ as a (tic[ was the most controversial of the three.

It was also the (Tll('i;.l] one ill allowing the progl'allt tO (levelt_p efficient boosters.Just after

the turn ¢)f the centlnT, Tsiolkovskiy and (;oddard had determined that using liquid

hydrogen as a file] in a liquid oxygen environment would provide superior specific

impulse. +:+In 1923, Hermann Obetth even suggested that the L()X-hydrogen combination

would be especially appropriale for the upper stages of rockets. 7' Yet liquid hydrogen,
which requires cooling to -423 degrees Fahrenheit, is hard to handle and causes the

imbrittlemenl of many metals. Nevertheless, with von Braun in concurrence, Silverslein

was able to convince tile other commiltec members Io accept LH 2 as a fheL (lespite its
handling problems. As Sloop has noted: "It was a very bold and crucial decision Io stake

the success of the entire manned space program on a relatively new high-enmg_., Ihel, but

subsequent developments proved it Io be a sound decision and a key one in flu: success of
the Samrn V and the Apollo missions. ">

73. Konstantin Zsi(dkovski,, in A.A. Blagonravm,, ed., Collective Work_ o/ K.l(. T_*olkot,_kis', lblume 2. Reactive

P'l_'i,g Machi,e_ ('vVasllington, I)C: NASA Technical Translation (I_l ") F-237. 1965}, pp.,. 78-7(); Robert H.

(;oddm'd, in Esthel (;oddard and (;. Eclward Pendrav, eds+, 7he Pap_,f_ O/l¢ob_*rt t1.. (,odda_d. three ,.olumes (Nmv
Yt)vk: M(('.raw-ltill, 1970). "

74. } lernla n n ()l)mt h, l¢mket_ i, I'ht_wtar_, ._pa(_' (Wash inglon, I)( '. NASA "IT F-9227, 1965).

75. SIo_)l) , "'l_'(hnoh)_,i,'al InmJ_ati(m fbi Su_('ess,"



__),_ A(_(il,'SS1() SPA(IE: Srl 1+_]'Y, T() ['1 I['_ SA rl'[ !RN V

,_s explaincd above, the Cenlaur upper slage used two hydrot4en-fuclcd Pl-att &

Whitnt'v RI+-I(t engincs thai deveh>ped 15,0<)0 pounds o[lhrusl apiece. By chlstcrillg thcse

cugiuc._ in a group of six, NASA planllcd to build a powcrful sccond slage for lht" Sitturu
I, c,llh'd tilt, S-IV. It was to bc tlw [lrSl llllli()r Sittlllll stage to I)(' buih undcr t'(llltl'ilt'l b%'

industlv, r_llhtT ih_tll developed within tilt" ABMA.
Th+." decision to h't the _IV contracl lo the Douglas Airciafl Conlpaily illustrates tilt'

inlportaucc of subjeclivc [hctors in NASA's choice of contract_ws. Two c(imp;ulics--
(;onvair and l)ouglas--placcd well al)o_c tilt' othtT (lille thai sul)tnitlcd pl-Op¢)sals. Ill

choosing 1)ctwcen thcln, NASA oll]cials cousidcrcd not only technical coulpctcllcc, but

also their jtidgincnt of the firms' abilily to mmlagc a large, coniph'x contract and the
lit-ins' bltsiness acunlen. Convair, which was dcvch)ping tilt" (]cllttllll" ttpl)Cr stagc, placed

slightly higher on tcchnical cotnl)Ctctlcc, but h_wcr ill the latter two categ_wics. NASA
Adlninistrator 1". Kcith (;Icnnan If'It that l)()tlglas's proposal was Ill<H+cilllligillitliX't', tit+ ;v,ts

ills() COlICCl'lIcd that giving lilt' S-IV Colltl'itct to ('+OllViiil would it+advct+tt'ntlv Clt';itc it

nlo lopoly in tile developnlenl of cryogenic Ul)pcr slagcs.:" NASA officials werc wcll aware
of lilt + ilccd to develop a broad, coIIl[)Clitivc Colltl-ilCIol" bilsc [FOlll which to clio_sc, t'spc-

ciallv in I)uihlhig s}'stcllls tiial rt_qtiirt'd the dtwt'iollllicilt (It+ lit'w, uilirit'd icchu_llogh's. As

il I'CsIIll, NASA ;lllllOUllCed lilt' choice of Douglas ()11 _l{iy 21i, 196l). The (-]OSCllCSs /if lilt"

dt+cision, and the sul)jcctivc rcasolis for Ihc sclcclion of I)ouglas, caused so(no concern

withill ('ongrt'ss+ lvhich directed the (;t'il('rai AccOtlliliilt.T, Oit]c(+ ((;A()) lo investigate. |+lit +

(;:\() rt, l)ol't ,howcvcr, generally StlStliillCd NASA's dccision+ :7

Modern lauuch systelns consist of hundreds of i i tract(rig svslcms, c,tch ot which is

itsclf conipost'd of thousands <it snlallcr s(ll)svstt'nls and p;.tlls, l)csigtling aild Stlttt'ss ully

lauuching nlodcrate and small-sized latlnch¢'ls pose a major ch,dh'nge. For systclus the

size and coinph'xitv of tile Saturn I, its dcscc,ldcllt tilt' Saturn IB, and tilt' Salurn \: Mootl
rockt'l, tilt" task st't'tncd daunting. [1-30] Building the St(turn vehicit!s [i)lCCd NASA alld

tilt" il('l'OSp+lCc i ldtlstrv to soivt + lltllllCl'OllS pl'aclit'al problt+lils, intllldiilg lilt" |lalldling of

lill'IZ, t, sll'llt'tUlCS, tlawlt;ss wt+iditlg, tin(| lilt' tt'Stillg ;llld tl'itckillg Of inillions of (-()lll|)OllClliS.

h also tt'(lliitt'¢l lilt' develOl)lllt'nt o[ iicw Ill_llllll{tCltll'iilg IlICl|lodS. PIll- t+xalnl)it', l)<ltlgl+ts

Aircraft arid NASA had It) OVCl'COlllC il l)iiil<_l)l)' of obstacles ttl lllilllll[]lCllll +C lilt" S-IV to a

sllilld+tl.d Stl[+[]CiClll to ('itl'l+V pct)ph' rclial>k' ((lid slili+ly to sl)il('c. To build a rockcI slltgt' o1

icquisilc silt' and strcilgih, tht" ch,sigiit'ts ilccidcd to cariy iiit_ two Ili'Ollt'llaills in oillV two

tanks+ on(" itl)ovt' tilt" othci, and to girt' lht'ill ,i coiiiiilOli bulkhead. The size ot lilt" <%-IV

iilid lht' dt,tisi<lii Io tlsc lalgt' propt'llalti lallk'_ tiit>/i_,lll Iht'ir owii [Ir<_diiclioll ])rollit'ilis+

The tailks" wi+ldcd st'(tillS ncedt'd to Ilc [lawlt'ss. Nt'w lllltchillt'i)' ilccdt'd io I)c tic'el'lolled

It) halldlt' lilt" lat'gt' tailks. New t]tbritation ilit, ih<)ds had l(i lit! invt'illt'd Io tlcitlc i|lc tCilll-

iltltll I)ulkhcad. hi addition, Douglas also had t(t build spccial facilities it) halldlc COllll)O-

ill'Dis the sizc of tilt" t_tilks, ltisiorian R(Igt!l E. Bilstciu has (-<)ilillit!illt'(l thai Ihc

dcvciopillt'lli of _attirii |lardw+tl(" "tt-t!qtit'iiilv callit' down to a qll(,Slioil of Ctll-ltntl-li+y. "7_

This ai)proltcii, of ct)lllSC, illilt|t, it t,xtrclllt'lv difficuh to t'slilllalc lilt! dt,vciOpllit'ilta] cost

ill _lllV o[ lilt' ]autlcht'rs.

Tht' Sitlllrli I W;iS :.l It'st'_tlch ((lid devClOlltilt'lil I)r(!i Cot dcsil4 ned to gather dltllt itlld

t,.'4.])tTit'iIct" with tatg(' l_tiill('li v0hiclcs. NASA ilia(It" ih¢" l]rst tli_hi io It's( its t]lSi sl_tgt" _>li

76..]aill¢._ Wct)ll. ,,vh(i 1it,ca(lit. the sc(-oild NASA ;idliiiiiiMi 0+lol, li,)lt,d ill 19fi!l h_<,ctliliT, s I>cl_)rc tile t h)usc

t>t Rt'l)it'_t'lli_lii_,t'_ Ih;lt "_liit' ot lhc principal [;icllli_ _iicd hi iht' _,t,l_..(ti_lil oi tit/' t)_uglas ,\ii_ r;ltl ( ;_lnll)_lll], wa _,
llial iht' additi_>ii ot hi' COllit)aiP, "_:oti]d I)r<iadt.!tl Iht' indiisili_t| t)_/sl.' ill lht' li,,'tllll_t+il I('t lili_)hl_ _, th'ldY NASA

.\lllhtlli,E_ltiOll Ht,;ilillgS, U,S. []OtlSC o| Rt'prcselll iiti'_t_s, _7th (]otig., 2([ st'ss.. Pttll '2. [IJti<.L p. t47F),

77. (]OlllioltcI (;t'lICl-_tl o[ Itit' Ullilcd Slat('s l(i ()vcifllll Bl(ioks, (]h_iillll_lll, {'.(lllllllillcC i)11 i_(i('il(l" HIId

,\Sll-OlltlllliCs,.llitw <2'2, I1,1|)|).
7_. Ro_'.'l Bil_l¢+ill, "The _,lluill l._tliilch Vchi(lt" Fal! v," ill :J]_Jll_,: "/_'n })'a#', %inte "Ji_t;+ql_dil) ]Jr+_e

(_,Vashili_il>il, I)C; Y,ll/ith_liiiali tllsiiltiliOli I'il'_, 1!17{t), p. 117.
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tob._l 27, 1961, caro, ing only a dummy S-IV stac, c The first tl;,_h, ,,r ,,
..... , • _ " .... +_.......... operating _IV
second stage +++asmade on January 29, 1964 ()n July 30, 1965, tht Satttrn I made its htst

flight, having prepared the way for the more t)<_werfifl Saturn lB. During its ten flights, lhe
Saturn I ]tad been used in a varie_' ofengitlccring experimt uls in low-Earth orbit and had

given NASA's eugineers valuable insights into tilt" comph'xilies of building and lautwhiug
a large ctTogenic rocket.

The launch requirements considered by tim Silvcrstcin (_onn+nitlee demanded an

even larger propulsion stage than the S-IV, and instead o1 ul)r, uing the RI+-I0, or somehow

adding more of them to the cluster, the Silvvvslein (:ommittee began to look toward a

much larger, more powerflfl single engine that would gencratt, 20<),0(I0 pounds of thrt,st.
On Jttne 1, 1960, a source evahlation board chose the Rocketdvne Division of North

American Aviation to btfild a high-thrust cryogcmc rocket engine _alled the J-2. Marshall

Space Flight (]enter developed the concept and re<tailored the COlltratt<)r's work, whilt+

Rocketdyne attempted to bend metal arottnd Marshall's ideas.

From Ihe beginning, the Saturn IB rocket was <tcsigned to carry humans, ttt'ncv, the
final cngitm contract, which was awarded to Rockctdync in SepteJlll)er 1<360, contained

tilt' important phrase "to insure maximttm saR'tv tot- nmnncd tlight. ''_" In other words,

allhough reliat)ility had been an important ingrcdicnl of earlier designs, tor the first time,

a co,re'act specified Ihat a rocket engine was to I)c th+signt:d with human safely as part of

tilt, initial spvcificatiot/s.+. Becatlse the Salttlll IB was intended to carry humans, each stage
of the dcsigtt and manuta.cttHing process was cl<Jsclv scrutinized l<)t+ high relial)ilily and

each l)arl tested individually as well as in concert with olheY parts. Rocketdvne enginecrs
laced serious prot:,h, ms lint]trig appropriate metals and other matt'rials llmt would work

l)ropcFly in a liquid hydrogen environment. Th¢.v also had 1o IIaCe down ex't_rv leak iu

great detail, li>r a small amount of gaseous hvdr<_gcn in tilt' wt-<mg plaop could iea,l t,, a

dcvast:tling explosion. After pursuing a ntmlbcv of iulern+ctliate shorl-dtuation lests fi)i-

approxinlately nine previous ntonths, Rockcldyne successftfllv ran the first model oF the
.]-2 in a 250-second test on October 4 13fJ2., ( "+- _,+

Wheu this contract was let in 1960, NAS,\ had u<_t yet decided which vehicle w_mld

tts,t' lilt' powerful engine. ()utsid+.. of NASA. there was relatively little interest in F,UrSt6ng
a program thal would require the lift capacity ofan l,pper stage lhitt used the J-2 rocktl.
llowever, President Kennedy's May 1961 decision t_> "shoot toF the Moon" dramatically

changed the situation. By ltilv 19152, N/kS& stqllc(l <:,u i)rocceding with the
called the S-IVB, whi<h ii i)la'nncd to use as lilt' second stage ot the Saturn uprated S-IV,

IB: thc stage
would I)e pmvctcd I)y a single.I-2 t'nginc. The Saturn IB wotfltl ]ofl +tit Ap<dh:, spatt'cl;ifl to

h_w-Earlh orbit as parl of tilt, sequence of tcsls thal wou,ld h.ad Io a landing on the Moon.

This l)<+wt,t+ftfl latttwher, capable oF placing 41,000 pounds into an orbit II 0 ruth's above

Itavth, had an important role in the execution of file Apollo program. Not only did it carry

the first Apolh> spacecraft into orbit during the test phases ot tim Apollo pr_gratn of th{,
mid-1960s; it also st'trod to lt+try astronauts to Sky ab in the I.qTOs and was Ihe htttnch
vehich, ttsed in the Ai)ollo-Sovu z mission of 1975.

The Sattun 1B made its t+irst tlight two years attcr the tirst tlight of Ihc Saturn I, <m
Febrtnarv 26, l!Ri6, using lhe S-IX'I +,second st.tge. ()n October 1 l, 196,_, il carried Ihc tirsl

Apollo capsule cotll,ti,ting astr<mauts into orbit Ibr a tt'n-da_,, IWelll}t-h(H I" flight--

79. Bilslcin. ,_'l:tLre_ Io '_'+IDI,'H, p. I'II.

_0. (tlm Id th<+ l>usl '+'lays to ('ll_;Ult' S;ll¢'l} |<) aSll'oll_ttlls alld thci+ lalm_ h ,_ Icy, is I,> Imihl a hiRhl'.. +vliablc

_.chich'. 1 I<Jxvt+vch cxcn a xchitlc ol ili gh lcliatfilipc ma?, not hart. adcquatu salk'ty mmgins O In+man Ilight il it

lhils (itt_Istlo >hitalI_ aud dl)cs Ulol providt, s,+une means Io l:+l{)it,t.t its l)_|s_s¢.ll_,Ul-S+ C,m'_vlst.ly, a vehicle mt'ctin_

a I<,wcr I<'lialfilitv rating _cml+ , n pliuciph., hc safi'r tbv htunans itil in_<wporated suffit it.lit means to cnsu+c lhc
_ I_",_"s al>ilitv Io 'stllX, ix,t. ;I titihzFc.

,"+1. Bilstcin, 5,/a¢¢,_ I. ,_(l{lll'll, p, 1,13.
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Apollo 7 (Figure 1-10). That was also the

last Apollo flight for tile Saturn lB. It was
followed two months later by the first

Saturn V It) carry astr,mlauLs, when the

Apollo 8 mission lmmched astronauts Frank
Botman,James A. l:m'll,Jr., and William A.

Anders into space tor the thst human tlight

atotmd the Moon.
The Saturn V dwarfed even the powerful

Saturn ! and Saturn IB launchers. Standing

363 feet high and weighing 500,000 plltmds
unfueled, tile Satlllll V was capable (t|

launching more than 200,000 pounds to low-
Earth orbit. It was buih to place three aslm-

ilallgS Oil the Moon and allow lhem to lake

sulticient fuel and equipment to return to

Earth. The Saturn \' had three staves: tile

1(; first stave (powered by live F-I I.()X-

kerosene engines), the _II second stave

(propelled by fiveJ-2 I.OX-I.! Ie engines, and
the F,-IVB third stage (with one.l-9 engine).

Rocketdvne, which, as noted abm, e,

NASA later _hose to bttihl lhe .]-'.2?engine,

Ilad in January 1959 rcccivcd the contract to
buiht the F-I. *u The contract tot lhe giant

power plant, which would employ RP
kerosene fuel and IX)X, stipulated lhal it

shouht dt'vel<q) 1.5 million l)ounds of
lhrusi, nearly tbur limes the thrust of lilt"
Navaho nlissile ellghle ['toni W|lich it was
derived:' lo(-ketdvne's experience in lilt +

Navaho |)rogralii nlade it tht' logical candi-
dait' tbr tile task. In awarding this conlracl,

NASA was bellhig l]lal it coilld bypass ltlt"

nloie COlillllOll evolutionary approacll Io

engine developnielil and make a revohi-
Ihlnaryjump to illis eliOllllOilS engine.

At the time of this decision, the United States had ill) prograln it> atlempt a ,'ti|O()li

lallding. NASA did llOt lllake a |hlal decision about the conliguratioI1 of the first slage of
the Sattiiii Moon rocket ilniil January It), 19t]7, a|ler it had alleady choseii the Boeing

Aircraft ( llllipany 1o buiht it. Thai choice was based oil ll_e recognition thai a hoosier with
five F-| enghlcs in its first stage |night be abh" io accolnplish the lunar landing inission in

a single launcil, if NASA wele to adopt tile conirm'ersial ]llllal orbital i'l:nilezvtlllS

approacll io a lullar hllldillg. With Oiis decision, the iai-ge booster was llaliwd the

SalUill V. _' ii-31, 1-321

I"iff.o" 1 I¢). 77w laurlch _la+'k +!l flu' ,'llmll. 7 mmb,n _it_ on

lmtmh ¢.h.,@lex _4 at Ke_l_led'¢ ."elm+," Cetlle_; +m Septembe_

I _. 196a. The la umh vehicle, the Salur. I1',. zt,rmld p+nver the

,,:w ,,/asmmauh llhlly Y,,hir, a. Ibm,, I','i_,'l< am/ Ithlt+'_

(:un,,li_iLUiaminto 19tHh od*it +m ()+l,.,be_ 11, l?O& /+. a

r ht'r h.ut if/Ih; ,,llmlb, +_m+mand and _ePwi_ e re.duD", i;,I po'],a-

mlivm ]7. Iliffht _ t. Ihe M,_+m. +NAgA [droto :_,4.1t ?20)

1"12. l'hc F-I design had its origins in ('allicl sttidies at the ABMA. _'c David E. Ahh+it h, "The F-I l,:nginc,"

.l_tpollalttits (Ft.hrliarv 1{167): 40. Also st'c Doitllllt'ltl 1-24 lit fill! uild of this/-hal)ll'r.
83. l'hc Nava|'lo t.tlgin¢ dcvclopcd 415,000 pounds ot lhrusl. |'tit" llliTill;ll .Jill Fortt + goal had I)ccn an

engine of 1 million pounds ill lhrust, but the company was il<fl able m leach thai Roal unlil Maith 1959, when

it th'ed up a "boih+rphit c'' lilrust chanibcr aiid it!jector thai achieved Ihc tglntl. I'>y lheii, Ihc t)rilgralll had been

transl,'rival to NASA. Bilstcin, Stagi'_ to Saturn, p. 106.
84. NASA chosc ll_ot'iilt4 ill l)t'tt'lni)er t961,
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As planning for the lunar landing missi<m had proceeded at an intense pace follow-
ing Kennedy's May 1961 speech, there had been seriol,s consideratiou of the need tor a

booster even lau.r,er than that which became Ih,t, SattIrll V; that I:,o(:,ster, named Nova,

would use eighl F-I engines ill its first stage. 11-33] Tile difficuhv of a rapid evolution m

such a gigantic rocket was one of the reasons that missiml plannms, ill the second half of

1961, began to cmlverge on some kind of rendezvous approach to accomplishing the
lunar mission; adopting such an approach would allow the use of one or several Saturn

rockets. A rt)cket the size of Nova--and all of Ihe very large ground facilities required to
launch it--would not be needed. Although Stll(lies of'lhe Nova cominued until Iq63, the
development of that vehicle was never initiated.

Although lhe difficuhies of working with I_()X-I_H, on the J-2 engine created novel
complications for rocket engine designers, the sheer si'ze and thrust of the L()X-RP F-I

engine also presented fm'midable challenges. 1)avid E. Aldrich, tile manager of Marshall

Space Flight Center's Engine Program Office, acknowledged that "the (levelopnmnt of the

F-I engine, whih, auempting to stay within Ill(' stale of Ihe .ut, did, by size alone, require

major tacilities, test eqtfipmenl, :m(l other atct)mplishnlcnls which h_d nol been attempl-

ed prior to F-I deve o[)ment. ''_' The F-I was a giml)ale(l eugine, whose bell-shaped exl)an-
sion nt)zzle was regenerativelv c()t)led by liquid oxygen. Ahht)ugh nearly eve)T SlthSVstem

brought its own technologicai hurdles ;rod special challenges, the F-I inje('tor,'wlaicl"l con-

trolled ill(" flow and patteru of both fuel and oxygen into the thrust chamber, turned out

Io be the stiffest challenge of all. The i,!jecmr forced filel through 3,700 orifices into the

!'ombl_stion clmmber to meet oxygen that entered from 2,600 additional openings. The

Illjectof had to endure greater heat and pressure than in am' previous engine

Untortunatelv, il proved impossible simply to scah'-up previous designs to the required
size. Initial tests with ea,lv models of the F-I injector led m unacceptable (:ombustion

instability that could not be stopped short of cutting off the tlow of fuel. [1-34] New

designs, based on lesls with scale models and the use of high-speed photography ill a spe-
cially designed test chamber, looked promising, but when sealed up to F-1 size and tested,
they also thiled. On .June 28, 196'2, one of these tests resuhed ill the loss of an F-1 test

engine. By early 1963, NASA Associate Administrator Rot)eft C. Seamans,.lr., was quite
concerned; he told the head of the Apollo [)lt)glalll, Brainerd t lolmes, that "as you and

Wernher [v(m Braun] know, 1 tk'el that F-I instability may seriously delay the MI.I.P

[manned lunar hmding program] and consequently is the t(_chnologi_'.al pacing item.' .....

Eventually after empirical "cut-and-try" redesign and exhaustive testing, coupled with
an intensive theoretical atlack c,n injector combustion instability, Rocketdvne and NASA

engineers developed an ir!jeclor that would pass nlusler. [1-35_ 1-36, I-3";1 Rocketdvne,

working, closely with NASA and university researchers, came up with a flight-rated mt')(lel

by.January 1965. Still, despite the satisthction of having developed a working engine, lhe

Rocketdvne engineers noted that "the causes of such instability are still not completely
i llldel-st oo(l.,,,,r •

The decision It) build a cryogenic second stage For tilt, humch vehicle that became the

Satul'll V was ;list) rooted ill tim Silv('rslein (_onnnitlee report of 1959. (]onllnitlee lllelll-

bcrs knew that an exlrenlelv powerttfl second stage would be needed to launch humans

to the Moon. Soon after th(' cmmnitlee issued its report, NASA designers had begun to
define the general outlines of the _ll stage thai would eventually l)ecolne the second

85. Aldri(h, "The F-I Engine," p. 40,

86. ?',h'morandum from R.(:. ,",;eamans..lr.. to Brainerd t lolmes..laUUal- _ 23, 1!165;

87. William B_Clmall, "*lih',;l_mes in C_?.og.enic I.iquid thopclhmt R(wkcl Eligint.s," AL:L& Paper 67-978.
()(Iol)m 1967, p, 9. _Uolt'd in Bilslein, ._'/n£,¢s I. 3nz/.t_l. p. I I(_.
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stage of the Saturn V. Belore he left NASA in January 1961, Administrator T. Keidl
(;lelman wrote: "The Saturn prograln is left in mid-slream it the S-il stage is not deveh_ped

anld phased in as the seeon+,[ stage of the C-2 launch vehi+cle. ''_ (The C-2 was a llroposed

Saturn version using two F-I engines in its first stage.)
Soon afterJanms Webb was sworn in as Ihe new NASA Adminislralt)r, Marshall Spa(c

Flight (;ellteF started +,'OlltFa('lt)F selcctil)il. 'I'll(" S-II, at that l)l)int to be propelled I)y Ibm

.]-_ engines, was [o be the Iargcst i-i)ckcl pi'oie('l It) I)e given Io U.S. in+,lustry. Allhot,gh thir-
ty inter+,'swd coilllaCltliS attended the firsl meeting, only seven subnlitte(l bids, of which

four survived source evaluation board scitllill'¢. _'' Those -elllaiilillg--Aell)jel, (_(Hiv_til,

Douglas, and Nol'th AmeFicall Avialioll--f;.iced lilt" ditticult task of atteml)tillg ttl bid on a
c()iitlacl that was still largely undefined. NASA had not yet +,lccide+,l the size Of lh+,! _11

stage, llOr had it setded +,m any of the nlyriad other sl)eciIications of tile prqject. Yet NASA
was under considerable pressure 1o get thc design t)rl)eess under way, and it needed to

choose a colltraelor as st)oil as possibleJ" NASA was attcIlll)lilig to buil+,l a team, alld it

needed It) select a contractor thai "wouhl manage tilt" construction well. \.Vilbur l)avis of

Marshall's Proclirellleilt an+,l (_olltacts ()ttk'e, slate(l, "I wish it) emphasize at this I)oilil I]lal

the iillpoilallt pro(Itict that NASA will buy in this pYtiCllielllell[ is the ell]cient illallage-

Illelll ()f a stage sysIcill. '''1

NASA chose North American Aviation tor the job on September I 1, 19(i3--a decision

lha[ laised SOllle eycbi'ows outsi+,le of NASA. Noflh Anlericau already had the (oilllael It)l

building the Apollo capsule an+,l was not considered to be a ill}_:iOl pla_er in the launch
vehicI+," area. However, North American ha+,l buih the highly successfttI X-IS rt)cket plane,

alld be(atls((" NASA emphasized the illlpoflante of a sliOllg lllalla_t"llleill tealll, il seleclcd

North American largely +,m that I)asis.
The relationships bctxveen NASA and North Anlerk+an on tilt" ,¢_-11COllll'ktcI provi+,h"

ilnportant insights into tll+,"+,leveh)l)nlent of NASA as an inslimtioll. Ahhough NASA was
determined here, as in other contracts, to use tile intellectual capaeily an+,l manufacturing

experience of Anlerican industlT, because NASA retaine+,l its own ca+,lr+,_of enginecrs an+,t

odler specialists, il often I(mn+,t ilsclf seclln+,l-gu+,'ssing Norlh Ameri+,:an. In an area in which
both NASA and tilt" COil[lac[or _vcI-e "l)ushing tit(" envelope" of Ill(" slate Ill the ;.tll, ill]Sllll-

derstan+,lings and disagreements ov+,'r Ihe bes[ way It) proceed inevitably arose, which le+,l It)
tensions between individuals and sonletinles whole (Iel)a-rtmenCs in the iwt) t)rganizations.
In addition, North American's approach was line of an aircraft company, used Ill building

high-peltormance tlying machines. By ci)illlaSl, Marshall Space Flight (k.nler, NASA's lead
ceil(el- for the Saturn V, had little exl)erience in aircraft procedures, lint much ext)+,'rience

in buil+,|ing lteftv rockets that lol)ked more like boilers than aircraft. Marshall, tot exaulple,

had +,tesigned m'ld built the first slag+.? of Ille Salliill I. Adde+,t 1o these tensions was Ihe [;.+lCl

that the U.S. Na+Q ' ha+,l oversight over lilt" COllSlillelioil ilf iiew govei'illlleil[ [acililies tbr

building the _ll. 'I'll(' coordination among lilt" three chillies was ntll always snioolh.

88. T. Keiltl (;k'nnan+ "Memorandum tor the Adnlinislrator,",lanualv 19, 1961.

89. The scxt'n I)rOl)osals camc from AelOict (;encral Corpolalion. Cll;vslcr (:orpoualionl, Con\air, l)ouglas

Aiicratl (:lnl)orali_nt, l.ockhccd ,-%,hcfafl (:orpou'allillit, Nlarlill (]lnllpail) Hlld Nllnltl ,._lillCliliUl AvialiOil.

90. Tilt' Marsitall tm!iecl ICalll ft-il conskiclablc l)l/'sstti-t' Io liiO',c ; ", quit kl)its p_sihlv on Ihc dv_ign ot

Illis _lilt ial stage. "YIIII (all _l..l. Ihal w(' llave a wtiok_ lol ot douiH in wtllii wt' sa)htuc, clnd Ihere ;tic _i hH i)l i llll-

Ilicling I)lOl)lt'IIIS. I,%'c ;IFC prt':_Clll]y ll%'illg to ic_olvc lhclll, %,Vc ( ollld ila',c askt'd %l)ii lllll to ((llllC ht'ic lo(la} ;tlld

tould llavc lakt,li, say, six wcck_ iinic It) rt'_olvc lilt'sl' p ) )lenis hllcinall',, in wtli(h tase we would havt' Iosi _ix

i_l'ck_ Oil lilt" .N-II i lllililil I." [%|aisllall spokespcrson MalS la | "Minult's of Ihe Pha_t' 11 Pic-Propo_al (;i)iilt'rclil 1'

tot _iill4_' .%11 Plot urelnCili onJllnC 71, t961,"Johnson ,HI)at t! (;clilCr lilts.

{)t. (_tll)lcd in ibM.
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In many respects, the lhtal S-It stage resentbled :tlt aircraft component more than a

rockel. It was ntuch )IlOl'e e[|]tient than the first stage, not only because it carrie(l more

efficient rocket engines, but aim<) because it was lighter fin a given strength factor. During
the design and ntanul_+tcturing process in the earb,' lgli0s, NASA continually asked North

Anterican to shed pounds on the S-I1, as tire :\1)o11() payloacl elentlessly gailied weight. !'o
add one additional kilogram of payload delivered 1o orbit+ NASA had to cut tmu+teen kilo-

grants front the S-IC first stage, nearly five kilograms from the S-II second stage, or only

one kilogram ti+om the _IVB. Thus, it would have been most (.!fix+live to remov(+ weigh't
li-ozn tile third, the _IVB stage, floweret +, the S-IVB was aheady in production at

McDonnell Aircraft by tit(" tittle NASA began 1() experience the nlost severe weight prob-

lems. "Ltking lourteen kilograms l_ront the S-l(! fi)r each kilogram of overweight in tit(,

Apollo stage was also not vel T t('asible. The burden tiql on tit(, _ll stage--and on Ihe
NASA-North Anterican Aviation team.

The need to lind innovative ways in which to shave weight fiont tlt(+ stage, and tlt("
reqttit+eltlellts I()r innovative ttlantt|a(-ttlritlg processes, took their toll on both Marshall

and North Anlerican Aviation. By Septenfl)er 2¢=t, 1965, when +tit S-II test article failed cat-

astrophically during a tesl desigite<I Io simuhtle fiwces that the _II would experien<e at

the end of the firsl-stage hum, conc:ern within NASA over Nol-th American's nutnagentenl

reached tn_:jor proportions. The Apollo program's ntanager, (;enera] Samuel C. Phillips

()1 NASA ]Ieadqttarters, was appointed head ()fa so-called "Tiger Team '+to investigate tit(,

I)r(_t)lenls. The Tiger Teant el|tort served two !)tU.l)()s(.s__it helped NASA investigate tit(+
problents and rec<)nnnend solutions, and it |)tit North Anteri(an on notice that NASA (on-

sidered the perceived prol)lents extremely serious+ The resulting report, sent toJ. i+eland

"Lee" Atwood, president of North American Aviation+ ()n I)e(-entl)er 19, 1965, was

extremely critical oF No tit Ant( _i(:an s tnanag('nlenl of the _ll and also on its handling <)I

sl)ace(vafl de'¢eloDIlteIll+'" h was a wake-u]) call to North Antericatt. By Ihis tittle, prol)lents
with tit(, S-It Ihreatened to hold up the tits! laun(h (>! the Saturn V.

Stung by the criti(istn, the c<)ntpany responded to this crisis bv reorganizing its man-

agement teant attd rethinking how il organized tit(' w()rk ()n the _1'I. Among other things,

it brought in new top managers and in!proved lhe sharing of inli)rntation on the l)rogress

and pr()l)lems experienced by tile company's enginee •ng teams. Still, (tespile making sig-
niiicant [)rogvess, ,+_Norlh American continued 1<)experien(-e l)roblems. ()n May 28, 1966,

a second S-II slage C';-I[-T) flailed during a pressure chc(k of the LH,) tank. Th( "+loss once

again indicated poor nlanagentent control. The tank exploded its te¢:lmicians tilled it with

helium (luring a test fi)r leaks. Unliwtunatelx; lit(,+.+were unaware that other technicians

had previously disc()nnected the pr('ssu,e seIlSOFS _Ltld relief swil(hes that w(tuld have i)r( .-
vented an ext)h)sion. The accident injured live individuals. To add to the problem, the

team investigating the _II-T tailure fi)und tim' (racks and other problents in t]te test arli-

(1('. Ntwertheless, North Artier!can continued" to ntake progFcss, an(l t)yJanuan T 9, 1967,
Phillips could r(,l)Ort that the (ompanv had m,ukedlv in!proved its ntanagement and tesl
procedttres.,,_ , •

Unlortunately, ()n .]anual T 27, 19(-)7, a deadly lire I)roke out in the Apollo comntand
module during a test with crew aboard, killing th'ree astronauls. Be(ause North Ameri(+an

! '2 This rcl)(_rl al)tW:ttn inn l)o( umt'nt lll-I 7 in.J<du+ M. [.c_gs<hm, gt'n. ed., wifll I)wa,,ne :\. I)a', and Ro_,tu

It. [ .;urn!us, I'.k'plm',l&,+ tile 15 k i+ w,: ,_,eh,_led I)r.',m+ ,Is Jn Ihe th+tma +4the I ,".S. Civil )+]m++'I'ms._mm lbl,,i+. II: t+.'xler,(zl
lielrttio+lst,_J+ (Washingl()u, 1)( :: NASA SP-4,t<)7, 1996), 2: 527-35.

.t13. (;corgi.),|ueller, NASA's Asso('iat(, A(hniifistr_Hor tin' MaluWd ,'-;l);t<(, F]ighl, even (t)lltlltle+11t,d t() I,('('

A|IA:O[)I'L "Y(IIII IC( Cllt ('lti>+t,, to in+pro,<c the ,q;tge s(heduh, posiliou )lax(' b<'cn mo+,t ,glati|_,'ing illld ] !till coz|l+-

denl that Iht'te _ill lw coaltJntdng hnpro_enwnt/+ (;c_)tgt,F. Muellc_ _<_l.cw Al',+,'(_<_d, Ig'brUaFV23, 1966.
%t. Samuel Phillips Io Ass<_ciatc Adwiiu+iistr;tll)r. +',"i-ll-T l:aihue ('.<wrectiv<, ,\cti<m," lanm_ry 9, 1967.
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also had responsibility tbr building tilt" cmmnand module, NASA asked t_}f and got a flu'-

ther reorganization of the company's lop management. Harrison Storms, president of the

Space and llffm'mation Systems Division, and the highest otticial directly overseeing com-
mand module and S-II construction, was replaced and moved to a slot as corporate vice

of the _II. On
prestden. NASA Colltiltlted lo fldlow closely tile developlnent
November 9, 1967, after llttmerous delays caused not only by problems with the _!I stage,

but also by other aspects of lilt" Saturn V development, the SA-501 launch vehicle suc-

cessfully c_'_rried tile crewless Apollo 4 capsule into orbit |_:-_rIt:siS.

•I'Iw Apollo 4 tlight was tile tirst "all u])" lest of the Saltlfll V launch vehicle. For NASA,

it was also a major risk, I/et:at|se ilOt {)l)[V had the stages nevet- t)eell launched together, nei-

ther tilt" _IC nor the _11 had flown at _tll. The _IVB stage, the connnand module, and tilt:

inslrtunent unit that provided inertial gut(lance and avionics to the vehicle had been test-

i'd Olt Nal.ltll-tl IB tlights. As one wt-ilel pill it, "The all-up concept is, in essence, a calculat-

ed gall|hie, at leal>frogging ph losophy |hat advocates colnpression of itnumber of lunar

landing preliminaries into one tligh|. It balances tile uncertainties of a nun|bet ot • tirst-

time operations against a 'coldi(lence ti:lCIOl" based on lilt"degree ()1"the equipnlenl reli-
ability achieved through the mos! exhaustive ground-tes| program in aerospace histow. ......

"l:his all-ul/test was the resuh of an earlier decision Ily NASA's Associate a(hninistrator
tor Manned Space Flight, (;eorge F,. Mueller. In September 1963, when Mueller look his

post, NASA was beginning to feel the enor nitv of meeting Kennedy's deadline |or reaching
tilt" Moon. It wars also experiencing the first hint of a shrinking yearly budget. After he suc-

ceeded Kennedy, President Lyndon B. Johnson wa_s under considerable pressure to keep

NASA's 1964 bu_lget under $5 billion, versus a $5.7,5 billion t)udget request to Kennedy ear-

lier in the year. Mueller notified the directors of the Manned Spacecrafl (,enter in notlslOll,

the Latmcit Operations Center in Cocoa Beach, Florida, and Marshall Space Flight Cenler
in Huntsville, Alabama, that the t]rsl Saturn IB t]ight and lhe tirsl Saturn V flight would be

made with all stages operating. Both shottld also (arlv complete spacecraiL [1-38]

Ahhough Mueller's directive caused considerable debate among the highly conserva-
tive staff at the centers, particularly at Marshall, eventually even the Marshall team cal|te

au-ot|lt(l. :'r Nevertlteless, everyone recognized the risks, attd it was with considerable

irepi(tation that the launch l(_am prepared the first Saturn V for launch. Yet at 7 a.m. EST,
November 9, 1967, tile first S;-tttlrll \', A_501, lifted off |he pad, carrying the Apollo 4 com-

mand module and performing nearly ilawlessly. The risk had |)aid off. With one excep-

tion, the remainder of the Satu,n V launches were also highly successful, hi all, there were

thirteen Saturn Vs launched between November 1967 and May 1973.
The one troublesonle launch was AS-502, or Apollo 6. NASA had planned to tly both

it and AS-5t)3 without a crew. 1lowevcn on November 16, in light of tile success of ..\S-501,

Phillips decided that tests were going so weU thai if the tlight of Apollo 6 proved success-
rid, NASA would proceed directly to human flights with A_5()3. ''_ As it turned out,

Phillips's optimism was short lived. A_509 lifted off flont I,aunch Complex 39 on April 4,
ID58. All went well until about 125 seconds into the tlight, near the end of first-stage burn,

when the launclaer began to experience strong longitudinal oscillations that created a

"pogo" ef[_'cl tor nearly ten secmlds. Despite the pogo, the sepal•alton and ignition ot •tilt:
secured stage occurred normally, but after four and it half minutes of operation, its

95. Fo_ a journalistic and lathm biased (ill tavol ot _,toltns) ac<Otllll ot ibis i-t,lalilmship and ils dv_t:lop-( { tj

nit'hi, st'(' Mike (;ra_, A.glr o/.,|tt.H," (Nc_ York: W.Vf. Notton & Compare, 19.).).

96. ]amcs.I. Itaggm•lY , "Apolh) 4: I'rool l'osili_e," Aer.qmce ('0,:inter |967): 3. Qu, m'd in [_,ilstein, •'Stagr', Io

97. Bil.,tem, Stage_to Salur.. p|:,.3,t8-51.
98. (;tmeJal Sam Phillips to NASA centers, teh'typc, November 15. 1967.
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numbeHwo engine shut down, tollowed a second later by a shutdown of the numbel:fllree

engine. The instrument unit, which pertonned the vehicle's guidance and control, com-

pensated by steering the rocket into a new tl;!jectol T and causing the three remaining J-2
engines to fire longer than planned. F(llhiwing a nt>rmal third-sutge firing and shittch)wn of

its single J-2 engine, Apollo 6 coasted into Earth orbit. After waiting two orbits, NASA flight

controllers signaled the J-9 third-slage engine to restart to conlplete :is much of the tlight

plans :is possil)le. Despite many attempts, it hi:led to lhnclion. Flight controllers finally gave
up and nlanaged to separate the conunand service module and connnand module fl-oln the

third slagc. They then finally resorte(l to using the sinaller engine on the connnand service
module to position the connnand mo(h,le fin a successfitl reentl_,.

The tlight was successful in proving that even with two secon('l-stage.]-2 engines out, the

connnand niodule could still reach orbit and return safely. The p()go phenomen(m had

been experiencei`l on (;enlini-Tit;ul and ethel-launchesi but nol with such intensity.

Ahhough the vii)rations were apparenlly not severe enough It) haFll] the vehicle or the astr('_-

hauls directly, it wliul(l have cause(t extra stress to the astronauLs, and N._SA officials dec::`t-

ed/hey should not risk the l)()ssit)ilily of stronger vii)rations wifli people aboard. An intensive

investigation I)y a specially constituted pogo task fori`e conlposed of representatives of
NASA, industtT, and the universities (tisch)sed that Ihe F-1 's thrust chanlber and c()nibustion

chamber vibrated at al)()tlt live and a half herl.z during burning. The vehich, as a wh(de

vibrated with a variatile frequency. When the vehicle vii)rations reached tive and a half hertz,
the two effects c<)nltiined to pro(bite the t)og() ellect. |+lie ])ego team was able to (levise a

re|)air th,tt involved "de-tuning" the F-I engine t()change its frequency of vii)ration.
The.J-<2 ptot)leni was much nit)re serious, in l)art Ix'cause NASA had no idea what

re:gilt have goue wrong on the two engines, lr(_l+tunalely, the sei`ond stage was extrenielv

well instrumented: one of ihe thermoc<)uples showed a temperature dee 1) al)(itlt seven\ i,
seconds in\<) second-stage I)urn, indicating a leak of toM gas. Then,jusl 1)el_)re engine

shuitlown, another therniocoul)le registered a suddenly higher lenltieralure ' suggesting
that there had t)een an erut)li()n of licit gas, prtlt)al)lv fioln tile igniter thel line. "V(itll Itiese
(tala in hani`[, NASA aiid Rockeidyne eilgilieers tit!gall to perfi)rni extensive lests (>ll Ihe

J-2 fuel lines. At sea-level teniperalures ali(t Dressiil-es, iliey could nol eel)reduce file |_-iil-
ille, t lowevei; liy ptunphig liquid hvdi'()_eii ltllT)ll_h eight sepalale lines ht a vat:till:it
chainber, lhercl)y sinullating operali()nal coni`litions, they were al)le it) cause evel-y ()lie of

thenl to t71il about 100 seconds inlo the lesl. ()n(e lht _ eilgineers had repr(>diii:ei`t l]le

t_lililre ill tilt" lal)oratol),, lhe,v wele Iheil able 1o devise a suitable I-epair, and tilt" Apolh)
pl'ogralll was I)ack Oll track. "_' [1-39J

Launch Operations

The relatively nlundane tasks of assenil)iing all (if the launch vehicle's paris and
preparing the vehicle for lifloff ale easily overlooked when exaniining the deveh)pnieni
of large, powerfiil ]a/lllC]l vehich.s, ttowe_,er, a well-organized lllanlll_acltlrillg alld logistics
chain and sin()oth running latmch operations are absolutely cru(ial to a suc(essful laun(h.

The manuthcmring, assembly, preparation, and launch of lhe (ompleted Saturn V consti-

tuted an engineering and oFganizational marvel. It required huge machines for handling
the Satllrll V's three stages and the barges, specially modified aircraft, and trucks for tlalis-

porting l]leni to the launch sile at (]ape (]anaveral. It involved a logistics chain thai

stretched atToSs tlie{ Pnited Stales, it'd by niajor nlailufTtciuring sites along the east, west,
itnd g-Illf coasts. ' "

'99. li,ilslein, Sla,t, es I. Y,alur_#, pp. 360-62.
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Marshall Space Flight Center had rcsponsibilily tor launch which' construction; lhe

Manned Spacecraft Cemer in Houston wits responsible ior the spacecrafl an(1 for nlissiml
ct)ntrol once lifloff had occurred; and lhe I,aunch Operations Center in Florida was in

charge of ensuring a s'dfe, successlul launch. _(eFl'ill Island near Cape Canaveral was cho-

sen for the I,aunch Operations Cenler in part t)ecm|se it offered ready access by barge

[ionl manuihctming sites on the west and gulf coasls. Ils location on lhe Atlanlic Ocean

simplified tile safety precautions during launch. In addition, the Air Force already main-
lathed a launch facility inlmediately soulheast of NASA's launch range. After some r:alher

lense negotiations, an agreenlent was reached on sharing resl)onsibilities lot range COnl-
nmnicalions and other tat|lilies between NASA and the Air Force. 11-40, 1-41]

Early in the Saturn program, otficials realized tile}' would need massive t:acililies in
which t¢_ el'eel the massive Saturn V and prepare il tilt launch. Alier some discussion

regarding whelher lo conslrucl the vehicle and male il with |Is payload on lhe lmmch pad,

NASA engineers decided that the ,host efticienl operation would xesuh from keeping
vehicle conslrttction and payload inlegralion separale from launch operations. [1-421

1tence, they conceited of a large enclosed SllUCltire capable of holding tilt" entire w:hicle

and its payload. I_ttilding engineers designed a large Vehicle A_ssentbly Building that cos,,-

ered eight acres. The high bay stands 441 li._el high. NASA officials anticipated a high
launch rate and designed the building lo acconnnodale four fully assemt)led Saturn V
launch vehicles, to minimize their lime on tile launch pad.""' Each Saturn V was erected

on a utassive device called a mobile launcher, which supported the launcher front Ihe ini-

tial assenlblv thrt)ugtt lhc launch.

For slt[kqV lmrposes, the \'erlical Assembly Builtling (VAB) had It) be localed far aw,ty

fitml the launch pad. Originally, NASA had explored the possibility of building a shallow
canal between the VAB and the laundl pads and lloating lile assembled launcher to Ihe

pad on a barge, l lowever, tests at lhe Nmy's David ]]tvlor P_asiil near _ashint-r, ion. D.(L,
StIOii silowed titai tile nlobih" lailnciier's htl_e _ailliv alld the laillWlier would acl like all

ellt)rlllOiis sail, making sleerillg Stlcii it liialtllllt)l|l CO'lilla])lioli inlpossible. Afler consider-

ing a rail line and rtjecting it because of tile enornlt)us t_)rces lhe rails and lheir t)edtling
would have |tad iO suslain, NASA settled oil a [mg,e llaClor built by lilt" Marit)li Powei-

Shovel (]t)ntpalty, which had buili siniilar liaCiOl-S for slrip-nlining coal. I<'_After the laultch-
cr was assenll)letl iii file VAB, a huge crawler-lranspt)rler lifted the assenlbied velticle and

atop its inobile [aUliCttt'r, which Iogether weigited nearly 12 niiliion pouiids, and h slowly
tTawled Ihe iliree alid a half nliles 1o lhe launch pad (Fig|ire 1-1 l)Y>_

This svslelli was used lhirleen liilWS lo t)ring ;t _aliirn V aild its payload IO tile laiintll

pad. TIlei{e were lWO lest launches carrying Apolh_ si)acecrafl wilhoui crews. Tilt' tlrsl
latincll with a crew al)Oald was lhe ApolltJ 8 itiission It) hlliiir orbil ill l)ecelnbel- 1968; lltis

was tit|lowed by lilt' Apollo 9 t,]arlll-orililal lesl of tile ltnlar iliodule hi i:ellrtull); 1969 aitd
lilt" Apollo 10 ;'tllt'sS l'eilelirsal" ill May. Tllell lllere were seveli l:.lllllches t)i crews to lilt'
Mt)t)n, beginning t)t course wilh Ihe.luly 1969 Apollo 11 nlission (Figure 1-121 and end-

ing, prenlaturely in ternis of the original plans, with Ihe Apollo 17 mission in Decenlber
1972. A final huulch in May 1973 carried the Skylab space sla/it)n, whMi was in l,u.l a lnod-

|tied S-IVB Saturn V Ullper slage, to Earth orl)il.
Wiitt tile exceplion t)t its sectlnd t|igill, discussed above, tile Sallirll V perforlned

ahiiosl tlawiessk _ ill each t)f its liiissioltS, The Saliirn iauiicli sysleln was litllV a liiinilpll o1

['.S. organizali[)llal, illltllitgellleni, alld teclillologital capal)ililies,

100. tlowc_cl, IlllillKttck' it x_;ls cqnippcd lo handle olllv thl('t',
I lil. l'hc Vcilital ,t,s<.n,i>ivBuilding, iCllanwd lht' Vehicle Asscnlblv iluilding, l,milich Pads 3%\ and 3Ul/,

Ihc illl)bilt' lalliil ht'lS, lind Iht" t i-;tWlCl--ii aliSpol itq -_;ill-t, slill ill list _in ihc _l)al c _hutlh, plqlglaln, althoul4ii lht", lipide'

lil,t,li nloditicd 1o ii_ t llliililliditlc the llllht'r ditli'lcnl sli_illtL siz(L and hlad rl'([llil cnlt'illS _11 ilic _hllllh' .4yslt'lii,

t07. Wallcl Flmh "()pcralilnial Siipf)ori tin At)cAlo," in ApoID): l_>_ t)'a_ ,gim_' "lTat_quilil)" Ha',e, pp, 1119-1 t,
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I'_,t._uw I 11 7he massive _izJ" r4 tlw ,_iatum l "a_id lit,' l_'rli_al A_wmhl_ Bmhhn¢ (brim _emtm,,d lit*" i_'hhh'A_mnhls' Huildi_tg) aw

shuwn in this 1960 aerial photol.oaph with the laumh .mtpb.v mow tka_t t/ave mik_ i_t tlw ha+hL,7_mml, l)e/ive_4_t,_ 7. _ million,

/x,und_ o/thrust m il_ fi_:sl sl¢l&_" at_d s#mdi_ig_ _6 3 /i.el lull, it wets lit,. mo_l powe_/id _o{ket r've_ _ucres_]idl_, buill and ]hm,n with

{t_lmm* ut_ alu,a_l. (,\!,L% [ photo)

Floweret, as the United Slates, after

achieving the goal of a sttc('essful lunar land-

ing, shifted pri()rities away [tom human

space explorati(m beyond Earth orbit, thele
Wel'e llo flew tnissions Iequilillg lhe booslel"s

power. NASA's original ov(h.r was li,r lifleen

Saturn V r(,(kets. _\s eaHy as 1(.)68, NASA
tace(I the iss/le o| whelher it w(,ttl(I need

m()te S_lluvll Vs and de(ided I() wait I)ef()ve

orde,trig the lollg-lead-time comp<)t}ents
involved. II-43] I+ater, it t)ecame clear it+

1970 that fllere would be no eaHy approval
(_fa large spa¢'e station. As NASA in 1971 and

1(.)72 strttggle(I with gelling approval I<)

develop a lleW s[)ace tlallspovtalioll svslell],

the S[)ace Shuttle, NASA of]i(:ials reltt('lanll}

(leci(le(t that they had no ('h(fi(e but it> give

ttp hopes of preserving the two remaining
Saturn V boosters for f/lltlIe use and of main-

raining pr(_(ltwfi(m capabilities ['or atldition-
al vehicles. [I-44, 1-45, 1-46]

Thus the two remaining Saltllll V r(wk-

ets be(alDe l|l|lSe/llll pieces, renlinders ()f a

time when the l.Tnited States pioneered lhe
space frontier beyond Earth oH)it. Thev

may I)e set, n to(lay al NASA's Kenned i,

Space Center and .lohnstm Space Center.

Those who actually saw them in use, not as

they exist today, were indeed f(>rltmate.

Irl_,,lll_ ' 1--12. 7h+" m_ht,,, Saturn V laumh +,+46+le wa+ the h_n,_t-

er that allowed Ihr I ;_dted State_ to _o to the Moutl Ill the lab'

I qh(_ and ear!_, 197t1_. 7h_ phol. _h_,ztts ttw laumh o/Apollo

I I. Ihe]h_t lum+P lamlin_ mi+si.+l, li[tiuL+ o[[/r.m l£emw,t+

_,prue ('+_+tm'_ l+oumt+ (km_pl+,x 79 on.lu!_, 16, lt_(/Z (3._+I.gA

p/u_to O_)+/L I I I I )



'._,_ A( :( IESS l( ) _P,\( _1.2_'['1" P_ T( ) 11 IF. _YI T,"RN W

Document I-1

Document rifle: HughJ. Knerr, Major General, USA, Deputy Commanding General, U.S.

Strategic Air Forces in Europe, Memorandum for Commanding General, U.S. Strategic

Air Forces in Europe, June 1, 1945.

Document I-2

Document rifle: Memorandum to the Director of Research and Development, DC/S,

Material, Attn: General Craigie, "Utilization of German Scientists by U.S.S.R. and U.S.,"

March 22, 1948.

Source: Both in NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

,4l the conclusion c!/I_brld War II, U.S. command_ gave consideratde thought to the problem oJ haw

best to _ge (;erman technical sta[/to promote (_.,_. aerospace capabililies. Not only did ( L_. c_[[fieials

want to pr_,ent capable (;erma_ perso_ _,el fiom reviving Germany's war potential, they also wanted

to bemfit .[iom their technieal capabilities. ()_ .[u_e I, 1945, one of those most invoh,ed, General

tlugb ./. Km,r_; [brmallv put .forth the bohl pla_ to bri*_g qaal!fied Cermal_ ._ch,nlists and eng'im,er_

a_M their.fitmilie_ to the United .%'tate._ to work ]m the I _.S. scient(fie a_td defense establishments. This

aml other (,[]brt_ hy Jarsighted U.S. military persott,_el led to Project I'aperclip (orig'inal('v called

Operation (h,ereast ). Of gweat concero to miliia U planner_ was the relative disposition qf ( ;etvnan sci-

e_ti._t._ atul engTneers anzonl_ the United States, the United Kingdom, Franee, Germany, and especially

ICu._sia. The [ ,_nited Stale_ temted to focus m_ skimming the eteam o] (;erma_ scientists, while I_ussia

centered on wmovmg whole lahoratorie_ mtd /mtm4e_, ineluditttZ /heir operating pe_:_o_*tel, back to

llussian soil.

Document I-1

I tEADQUARTERS

UNITED STATES STRATE(;IC AIR F()RCES IN El, tROPE

Office of the Deputy ( _olnmanding (;choral

1 .June 1945

MEM()RANI)UM FOR: Commanding (;eneral, U.S. Strategic Air Forces in Europe

It is suggested that the program li)r exploiting (;erman scientitic and aer(mautical

research include a plan for transporting to the U.S. the key German personnel associated

with each sub.iecl. Dtle it) the political and econonlic [itflOl-S inw)lved in uprooting these

scientists, it is considered essential that their immediate dependent tmnilies accompatiy

them. Such a realistic arrangement will guaraillce willing cooperation and maxinnim con-

lrihution to the program of aeronautical development that we nmst Cxl)edile if we are to

come abreast of and attempt to surpass those of other counlries.

It is considered feasible to assemble such a party, place it in charge of a project otli-

cer for transportation to Wright where it can be established as a unit in a block of houses

set aside for the purpose in the adjacent Oshorn housing l)roject. This location is consid-

ered essential in order that full use may Iw ulade of the laboratory equil)ment of Wright

Field. Als() in view of the t_ct lhat this is a militai T enterl)rise, none of lilts personnel

should he dispersed lo the uses ()f civil activities.
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If undertaken, these men should be paid a good salary and ill nowise treated as pris-
oners or slave workers. The scientific mind simply do¢is not produee under duress.

Control can be easily exercised by a clear understanding that violation of tile privilege of
living in the U.S. fin several years'will result in prompt deporlation to the area from which
the illdividual came.

Occupation of German scientific and industrial esla|)lishmenls has revealed tire [)el
tim! we have been alarmingly backward in many tields of research. If we do not lake this

opporttmily Io seize the apparatus antl Ill+.+l)rait+_s lhal tlexeloF, ed it and F,Ut the combina-

tion back to work pron'q:,lly, we will l-elllain several Years behind while we attempt to cover

a field aheady exploited. Pride aud lace-saving haxi+.+no place in natit)nal insurance.

HI;(;ttJ. KNERR

Major (;etleral, USA

l)eputy (]Onlmauding (;eneral

Document I-2

originally stamped "SECRICI'"]
[II

AFOIR-(_()/('+apt
Macken/nc/6282

"2'2 Mar 48

MI'_M()IL,_NI)UM FOR: Director of Research and Deveh_pnmnt, DC/S, Material

Attn: (;eneral (:raigie

SUI_IE(7I': Utilization of Gernlan Scientists b,V U.S.SR. and IJ.S.

1. Pr¢!ject l'aperclilJ is a program for the employment of certain outstanding
(;elman and Attslrian scientists and technicians in COlmection with the research and

deve]opment progran+s of the Aftny, Nil;')' and .+kit+ For,c+.+. h was autllorized by Ill+.' Stale-

'Wat'Nax T (_o<wdinat ng Committee (SWNC(_, now ill<.+State-Armv-Nilxw-A.ir. (k)ordinaling
Connnittee (SAN++\(:), as a procedure Io provide the military services'with the technical

advances which Ill+." (;ermans had made in those fields in which they were admittedly
ahead of us.

2. A procedure tot the adnfission <)flhese scientists under normal methods of entry

illIo tile [lniled Stales had beell blocked. The DepaFllllt+lll ol Stale gave the W;lv and Nax_,

I)epartments to tmdersland lhaI under exisling regt alions visas could not be gfanlcd tO

the scientists. A year having passed since Ihe inauguration of the program, il was mean-

while becoming imperative that sonle steps be taken to get the scientists whom we need-

ed out of (;ermatLv , since they were constantly being contacted by Russian agents who
nlade them attraclivt. <dlbrs+

3. Under tlwse circunlstances, SWN(;C adopted the policy of bringing Ill+.' scientists

to the United ,%tales ill ,nilitary custody, with the intention thatthe legalizing of their sta-

Ills ;IS imlnigrants would be a¢colnplished after their arrival here. It was ill ilnplemenla-

tion of this policy that the present Pal)ercli p Program is operating.

•t. After their alTival in the United Stales, Ihe project was fiuther affected by tilt"

housing shorlage, which made it impossible tin a long time to bring the families of Ih'e sci-

entists to lhis country. During this period tile scientists in tilt' United States reporled to
their families in (;ertnan,t,. dilticuhies of this sort which were encountered, and were in

turn intornled by their rel'ations of the pronlises, at least, which were nlade to their friends
by the Russians.
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5. These difficulties, reported tron] one side to tile other, worked to our disadvan-

tage, in that they served to prevent a ntunher of important scientists from signing con-
tracts with the United States, and drove them into the rams of other powers.

[2] 6. Information which has reached us through intelligence channels indicates the

el]i:ct of the evacuations by the various powers upon the over-all exploitation of (,el+man

experience. German scientists (not counting engineers and l)roduction technicians) seem

to be apportioned as follows:

Russian Service 17%

British Service 11%

French Service 11%

U.S. Service 6%

(;erman Service 1(l%

The rest can be assumed to be engaged outside of their profession or to be thlly idle. The

main interest seems to be concentrated on every kind of war technique which the Russians

did not use in the recent war due to lack of experience and skill in those fields.
7. There is a considerahle difference hetween the Russian and the American basis of

selection of the scientists. The Russians seem to have aimed at taking large numbels of"work-

ing" scientists, together with technicians and even laborers working upon specific ira!jeers.
They havc been known to lenlove llC,nl (;el ilanv entire tactories all(l laboratories, together

with' their equilmwnt and the personnel of thest _'establishments down to and including the
lowest "skilled lahof classes. These plants and laboratories have been inoved to Russia and

have been set up there with the same smttis which originally operated them in (;ermany.
8. Reliahle intormation indicates that under "operation Ossmvakim," for example,

the nunfl)er of people allected would run into the htmdred of thousands. Unquestionably,
a considerahle number of the skilled German labor involved in this operation volunteered

to move with their tamilies to Russia. In all prohability, a majority of the leading scientists

and executives evacuated under the pr(!ject have also gone vohmtarily.

9. Whih" it can generally be said that the United Stales ohtained a large number of
the cream of (;erman scientis'ts and have a few others of some ntunt)er still awfilable (they

are at present allocated to the British, nllder all arrangen]ent made with them), the
Russians did ohtain a llluch larger lnllllbcl Of pel-sOnllel, alld have apprecial)ly boosted

their seientilic experience and skill-level hv the wholesale evacuations to their territory

which they have carried out.

00cument I-a

Document rifle: H. Julian Allen and A.J. Eggers, Jr., NACA Research Memorandum, "A

Study of the Motion and Aerodynamic Heating of Missiles Entering the Earth's

Atmosphere at High Supersonic Speeds," RM A53D28, August 25, 1953, pp. 1-13, 26-29.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

(hw o/the most d![lhldt problems]aeed in early ballistic missile prog'ram._ invoh,ed the high tempera-

lures generated durin K atmospheric reentry. In 1953, H. Julian Allen, who worked Jbr the Ames
Aeronautical Laboratory' of the National ,_dvisors' Committee/or Aeronautic,_ (NA(2_), produced a

report noting that bluni nose cones were much le._s like& to overheat than were sharp 0ne,s. "lTw Air
Force did not imlude AUen ',s p_4nciple in missile desi_i_ until 1956. ,M4SA laleT incorporated this

idea, [br which Allen won NASA's Distinguished Semdce Medal, imo the de,_il#ns o/the 3.1enu U,

( ;emitd, and Apollo ._pacecrafi.
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]typed: "August 25, 1953," "Declassified April 8, 1957"1

NACA Research Memorandunl
RM A53I)28

A Study of the Motion and Aerodynamic Heating
of Missiles Entering the Earth's Atmosphere at

High Supersonic Speeds

By tt. Julian Allen and A:]. Eggers, Jr.

[ 1] SUMMARY

A simplified analysis is made of the velocity and decclcralion hislot y of missiles enter-

ing the earth's atmosphere at high supersonic speeds. I! is found tllat, in general, file gray-

it)," force is negligible compared to the aerodynamic drag force aud, hence, Ihat the Ira-

.jectory is essentially a slraight line. A constatlt drag coett]cien! and an exponential varia-

lion of dcnsily with altitude are assumed and generalized curves for tile varialion of mis-

sile speed and deceleration with ahimde arc obtained. A ctlriotls finding is that lhe max-

imum deceleration is independent of physical characteristics of a missile (e.g., mass, size.

and drag coeltkienl) and is determined only by enlry speed and tlight-padl angle, pro-

vided Ihis decelerali,:)n ()ccttts before impacl. This provision ix satisfied by missiles ])t'CSelt f-

ly of more tlstta] interest.

The resuhs o[ lilt' motion analysis are employed io determine means available to lhe

designer fi)r minimizing aerodynamic heating. Emphasis is placed upon lhe convectivt'-

healing problem including not only tilt" total heat transfer but also tile nlaximum average

and local rates of heat transfer pet unit area. It is [ound that if a missile is so heax T as to

be retartle(I only slightly by aerodynamic drag, irrespective of the magnitude of lhe drag

torce, lhen convective heating is minimized by minimizing Ihe total shear force acling ¢m

the body. This condilion is achieved by employing shapes with a h)w pressure drag. On the

other hand, if a missile is so ligh! as Io be decelerated to relalively low speeds, even if acted

upon by low drag forces, then convective heating is minimized by employing shapes with

a high pressure drag, thereby maximizing tile amount of heal delivered to the atmosphere

and minimizing the anloltnt delivered to tile body in the deceleration process. Blun!

shapes appear superi<w to slender shapes from tim standpoitll of having h)wer maximunl

convective heat-transfer rates in the region <)f the nose. The maximum average heat-

llatlsfel +rate pet llllil area Call be reduced by [2] employing eilher slender or bh,nt shapes

rather than shapes of intermediate slenderness. (;enerally, the bhtnl shape with high pres-

sure drag would appear to offer considerable promise of minimizing the heat transfer to

missiles of the sizes, weights, and speeds presently of interest.

INTRODU(2TION

In the design of long-range rocket missiles of the ballistic type, one of the most diffi-

cult phases of tlight the designer must cope with is the re-entry inlo t]le earth's atmos-

phere, wherein the aerodynamic beating associated with the high tlight speeds of such

missiles is intense. The air temperature the boundary layer ma) reach values in the tens

of thousands of degrees Fahrenheit which, combined wilh the high surface shear, pro-

nlotes vely great convective heat transfer lo tile surface, tleat-at)sorl)enl material nlllSl

therefore be provided to prevent destruction of tile essenlial elements of the missile, h is

a characteristic of hmg-range rockets l]lal |k)r eve D, pound of material which is carried to
"bur,,_-out," many pounds of fuel are required in the boosler to obtain the [light range. II
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isclear,Iherefore,that the amount of material added to protect the warhead t'rmn exces-

sive aerodynamic healing must be minimized in order to keep tile take-off weight _o a

practicable value. The importance ot reducing tile heal transferred to the missile t() the
least amount is thus evident.

For missiles designed to absorb the heat within the solid surla.ce of the missile shell, a

factor which may be important, in addition to the total amount of heat transferred, is lhe
rate ill which it is transferred since there is a maximum rate at which the surface material

can safely condltcl the heat within itself. An excessively high time rate of hea! inpul may

promote such large temperature differences as to cause spalliug of tile surtacc, and thus
resuh in h)ss of valuahle heat--absorbent material, <)1"even structural failure as a resuh of

stresses induced I)y !he temperature gradients.

For missiles designed to absorb the heat with liquid coolants (e.g., by "sweat cooling"

where the surface heal-transfer rate is high, or by circulating liquid coolants within the
shell where the surface heat-transtZ'r rate is lower), the time rate <)[ heal transfer is simi-

larly (>f interest since it detern6nes tile rcquire<t liquid pumping rate.

These heating prohlems, of course, have heen given considerable study in ( onnection

with the design of par!icular missiles, but these studies are vet T detailed in scope. There

has been need for a generalized heating analysis intended to show in the hroad sense the

means available for minimizing the healing t)r()blems. Wagner... [3] made a step toward

satist_,'ing this need t)y developing a laudably simple motion analysis. This analysis was nol

generalized, however, since it was his purl)ose !() study !lit' moti(m and heating of a par-
ticular missile.

It is ihe purl)ose of this report to simplit_ and generalize lhe analysis ()f the healing

l)rot)lem in order lhal the salient fealures of this problem will be made clear so that Slt(:-

cessfitl solulions of the problem will suggest themselves.

A motion analysis, having the basic character of \_,agner's appr()ach, precedes the

heating analysis. The generalized resuhs of this analysis are of c()nsiderahle interest in
themselves and, accordingly, are treated in detail ....

12(_1 DESIGN CONSIDERATIONS AND CONCIMDIN(; REMARKS

In the toreg(ling analysis and discussiou, two aspects of tile heatiug problem for mis-

siles entering the atmosphere were treated. The first concerned the total heat absorhed

t)y lhe missile and was related to the coolant required to prevent its disintegration. It was
[ound that if a missile were relatively light, the least required weight of coolan! (and hence

of missile) is obtained with a shape having a high pressure drag coe[ticient, that is Io say,

a blunt shape. On the other hand, it was found that if the missile were relatively hea_ T the

least required weighl of coolant, and hence of missile, is obtained with a shape having a

h)w skin-friction drag coeiticient, that is t() say, a h)ng slender shape.

The second aspect t)[ the heating problem treated was (()llcerlled with the rate <)f heat

inl)Ut , l)articltlarly with regard to thermal shell [27] stresses resuhing Iheret]om. It was
seen that the maximum average heat-input rate and, hence, maximum avt'rage thermal

stress could be decreased hy using either a hhm! or a slender missile, while missiles of

intermediate slenderness were delini!ely to be avoided in dlis conneclion. Th(' region of

highes! hlcal heat-transfer rate and, hence, probably greatest lhermal stress was reasoned

to I)e h)cated al the forward tip of the missile in most cases. This was assumed 1o be the

case and it was found !ha! the magnitude ()t" this stress was reduced by employing a shape

having the largest permissible tip radius and ove,:all drag coetlicien!; that is !(1 say, tile

I)hm!. high drag shape ahvays appears to have the advantage in this respect.

These resuhs pr()vide us with rather crude, but useful, bases for determining shapes o[

missiles entering the atmosphere which have minimized heat-transfer problems. If the

()ver-all design considerations of payh)ad, boosie), el all.l, dictate lhal [ht. rc-enn T missile
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he relatively hea_ y ill the sense of this report, then it may be most desirahle to make this

missile long and slender, especially if the entt_' speed is' very high (say 20,000 ft/sec or
greater). Perhaps the slender conical shape is appropriaw tor such a missile. It seems clean

too, that the tip of this missile should bc given the largest practicable nose radius in order
to minimize the maximum local heat-mmsle'r rate and hence maximum local shell stress

problem. Even then it may be necessary to employ additional means to minimize the heal-

transfer rate and, hence, thermal stress encountered in this region (e.g., by sweat cooling).

Let us now consider the case where dw over-all design c<mditions dictate I}lat the rc-

cnu T missile be relatively light in the sense of this report. This case is believed to be of

more immediate importance than the one just considered since the lower sizes, weights,

and entrance speeds to which it applies arc more nearly in line with those presently of

inwrest. The relatively light re-entry missile will thcrclore be treated at greater length.
A shape which should warrant attention for such missile application is the sphere, tot

it has the tollowing advantages:

1. It is a high drag shape and the fiictional dntg is only a [;vw percent of the total drag.
2. It has the maximtun vohnne fi)r a given surl_ce area.

3. The continuously curved stul,tce is inhercnlly stiff and strong.

4. The large stagtmtion-point radius signiticantl_ assists in reducing the lnaxinmnl
therlll_tl stress ill tile shell.

[28] 5. Aerodynamic [orces are not sensitive to attilude and, hence, a sphere may need
no stabilizing surfaces.

6. Because of this insensitivity to attitude, a sphere may purposely be rotated slowl,,;

and perhaps even randomly '+ during flight, in order to sut)ject all sin-thee elenwnts t_>

about the same amotmt of heating and theret W approach unilorin shell heating.

()n the other hand, the sphere, in c<)mmon with other vel T high drag shapes|,| may
be utmcceptat)le if:

1. The low tennil|al speed pernlits cttective cmtnlermcasurcs.

2. The lower average speed of descent increases the wind drift error at the targel.
3. The magnitude of the maxinnml decelcrati<m is greater than can he allowed.

The tirst two of these disadwmtagcs of the sphere might be minimized bv prouuding

a. |]ow-separalion-induci|lg spike from the fionl of the sphere to reduce th¢ _ drag coeffi-

ckmt to roughly half.... Stabilization would now be required but only to the extent

required to counterbalance the moment produced by the spike. Special provision would
haw • lo he made tot cooling the spike.

These possihle disadvantages ofvel T high drag shapes may also be alleviated bv ,moth-

er means, namely, using variable geometry arrangcmenls. Fro example, an arrm/gemem

which suggests itself is a round-nosed shape with conical aflerl)ody of low apex angle

employing an extensible skir! at the t)ase .... With the skirl Ilared, thc adwtntagcs of high
drag are obtained during the entry phase of flight. As the air density increases with

decreasing altitude, the skirt flare is decrease(1 to vat T the drag so as'to produce tit("

desired deceleration and speed history. If the deceleration is specitied in the equation of
motion (see motion analysis), the required variation oF drag coefficient with ahitude can
he calcuhlted at+d, it+ turn, the heating characteristics can hc ohtaincd.

1"|, N()Ic that if rolatilm is permitl,.+d, slow, tan(Ioln nloti_)n nlav I)(' re(luit,.+d in (',rdt.i t(_pl,t',+cnt Magnus
h)r(cs horn causing dcviati(m o[ th,.' l]ighl path from the ta,ect. It sholdd also hc noted that at std)s<mi(+and h',w
supcr:+,onic speeds guu-fir,t'd spheres, p1,.+sumably not rotating, haw" _+Imwn latlwr large lateral tm+li<ms it+
lli<'4ht.... h is not known whether such behavior occurs +Ithigh stlpe/3onit spt'<'(ls.
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[29]The{.xamplesconsidered,of course,areincludedonlytodemonstratesome{}1the
meansthe designer has at hand to control an{t diminish the aerodynamic heating pr{}blem.

For simplicity, lhis problem has t}een treate{I, tor the most part, in a relative rather than

absolute t:ashi{m. In any final design, there is, of course, no suhstitute tbr step-hy-step or
{}ther more accurate calctflatiun of hoth the motion and aerodynamic heating of a missile.

Even t]om a qualitative point of view, a further word of caution must be given con-

cerning the analysis of this paper. In parliculm, throughout, we have neglected effects of

gaseous imperfections (such as dissociation) and shock-wave boundaB'-layer interaction
on convective heat transfer t{} a missile, and of radiative heat transfer to or from the mis-

sile. {)ne would not anticipate that these phenomena would significantly alter the con-

clusions reached on the relative merits of slender and hhmt shal}es from the standpoint

of heat transfer at entrance speeds at least up to about 10,0(}0 feet per second. It cannol
tacitly I)e assumed, howevel, that this will be the case at higher entrance speeds ....

Accmate conclusions regarding the del)en{lence of heat translk'r on shaI}e for missiles

entering the ;ttmosphere at extremely high stq}crsonic speeds intlsl await the availahililv
of more reliable {tara {m thc static and dynamic properties of air at the high tcmpt_ratures

and l}ressut-es that will hi" t, ncoutllere{l.

Ames Aer{mautical Laboratt}ry

National A{lvisorv (_{}tntnitlee li}r At.ronatttics

MotIett Field, (2alil\, At)r 28. 1953

Document I-4

Document title: Homer J. Stewart, Chairman, Ad Hoc Advisory Group on Special

Capabilities, Report to Donald A. Quarles, Assistant Secretary of Defense (Research and

Development), August 4, 1955, pp. iii, 1, 3-8.

Source: National Archives, Washington, D.C.

President l)wight 1). t:i._enhower announced on.July 29, 1955, that the United State_ wouM lau,,ch

satellite._ as part o[the U.S. contribution to the International Geophy.sical Year (1GI'). Although the

United States could have modified an existMg militm_ _vchet, such as the,]upiter or Atlas, which were

then under development, Eisenhower arm his advisors were concerned about siphoning q[[ ener_',fivm

attention to the development _/ balli._tic missib's. Donald ,4. Quarles, Assistant Secreta O' _!]De/en._e

.ft: lCesearch and Development, asked the Ad Hoc Adviso U Group on Special Capabilities, chaired by

Homer]. Stewart, to advise on the be.st course _f aetion. 77re resulting repcrrt fi'om the so-called Stewart

¢;ommittee provided the ba_i._./br 15eside_t I,'i.senhower to choose the as-yet-und_mh_ped _veket brL_edon

Vihint,_ teehmdo©,, rather than run the risk ofdiverting re._ourees./mm the development o/the Atlas or

.]upiter missiles.

(iiil
The I lon{}rahIe Donald A. Quarles

_sistant Secretary of Defense

(Research and Development)

4 August 1955

Dr'at Nil. Quarles:

1 have the h{mor it} transmit the attached report of the A{1 11oc Advisory (;rtmp on

Si}ecial (;apal}ililies pllrStlant I{} y{}ltF directive dated 13July 1955.
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The(;rouphasreviewedtileearthsatelliteplansandprogramsofthemilitarydepari-
nlenlsandpresenlsitsconclusions,reconmlendationsandobservationsin thE" report,

together with stunnlaries of the progranls proposed.

The (;roup has interpreted the National Securily Council directive and |is own charier

as impMng the highest and broadest national inlel-est and urgency for prestige and political

as well as scientific reasons, linlited only by' Ihe military necessities. The prestige and political

elements have been considered, however, only to lhe exlent necessary in weighing the rela-

five merils of ceriain phases of the technical problenls of placing tile satellite on orbil.

The opinion of the (;coup was unanimous on the conchisions, and on three of the
four reconlnlendalions. The differences of view on Recommendation 3 recorded in the

rep(irt are mainly (hie to dilterences in.judgnlenl on die practical)|lily of making the pro-

posed modification required in either ahernalive in time to ensure [he nfininntm objec-
tive within the IGY period.

Sincerely yours,

t lomcr 1. Stewart
(;hairman . . .

[ 1 ] CONCLUSIONS

1. There is a reasonable assurance that tim United S/ales can have the capability to

put up a small scienlitic satellite during 1958 on an orbit having a niininlum (perigee) atti-

tude (1t 150 U) 200 slattite miles and car_'ing a payload on the order of 5 to 50 polmds;

howexer, none of lhe existing proposals will provide this capability without considerable
deveh)pnwnt work.

2. Any use of current nlilitary programs to acconlplish the objective within Ihe
Inlernational Geophysical Year (I(;Y) period will run some risk of interference with such

military programs, if only indirectly in the drain on ski|Is and t:aci]ilies; bell. if such a pro-
granl is properly carried ()tit, it Call resllll ill Iong-lerlll l)enetits to the nlilitary pr<)granls.

3. In addition to all)' prograill inlended to fulfill the immediale needs of lilt" I(;Y,

ihel-e" shotlld also be a COlllillllillg progralll of geophysical ol)servations thai could be pro-

vided adequately bv lllealis of a ilulnber (if siilall scientific satellites having a payload of
approximately 50 pounds, launched fronl linie to lillie Oll different orbits. Such a coiilili-

lllilg l)iogralll would be IlSeflll, evell _!.tier a large satellite has beell developed.
4. If attaillineiit of the objective of the Naliollal Sectirity Collllei] directive is Io t)e

enstlrt,d, clear and undivi<ted adillinistraiive responsil)iliiv in the Deparimeill o| i)elense

milSl be proniplly del]ned, assigned and ordered. (;real calltioil is imperalive Io t<qlSllre
thai exisling lechniques, exisling conlraclors, group skills and tTlciliiies be used. Diversion
troth ibis policy iliUM Ill" slrictly conlrolled at the highcsl level; otherwise, additional alld
tllilleCcssary delays will be inevitable.

5. The ilnlllediale aild direct cosl ofslich a sail!liile t)rogralli is likely iii ally eveiil [o
be of the order of twenty nlillion dollars, but ii will be il]lleh larger Illlless full ;t<lvanlage

is laken o| existing pr_grains, fitcilities and reasonable logistic supporl ....

[:_1 RECOMMENDATIONS

Reconnnendalion 1.

The develop|nell of scientitic satellile vehicles should be carried oul in two phases as
tbllows:

l'hase I. All innnediale progi-am designed fin llla×illllilli asslirallCC o| placing al least
a Sillall payload (5 io 10 poi111ds), iilchidiilg a sillal] radio Iralisnliller, ill an orbil Ilaving a
inhliniiini (perigee) ;lliiltlde of al leasl 150 miles dilriilg 1958.
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There should be a concurrent effort to improve the components used in this progranl

which shoukt have as its goal a somewhat larger payload (on the order of 30 to 50 pounds)

with eventual full attitude control. Some part of tilts developmen! nlight also lie accom-

plished in time to he of vahle in the program of tilt" International Geophysical _k'ar.

The detailed planning lot Phase 1 must provide enough tlexibility to permit launch-

ing tire lrrost [[set'ill satellite practicable within tile then current state o| development.

Phase It. A program to launch a satellite vehicle capahle of can-ying a significantly

larger payload (up to 2,000 potmds) or of achieving a significantly higher orbit. In this

phase also, flexibility is desirahle in tire plamling, so that adwultage can tie taken quickly

of any advances in technoh)_,.

Recommendation 2.
The use of the ICBM hoosier would unquestionably give the greatest peril)finance

margin and therefi)re the highest probability of placing a useful payload ill a long-
duration orhit. Whether or not this could he accomplished during the IGY period would

depend on (a) tile degree of interference with Ihe ICBM program that might be toleral-
ed and (h) the degree of certainty that call lit" assigned to the ICBM schedule.

On tire assunlplion llral _tll,,,'ett_)rt which is needed from tile I('BM progranl will he
nlade availahle, that this effort will 11ol seriously interlere witll the ICBM program, drat

file I(:BM progranl will be on schedule and lhat only a single satellite progranl can be

approved, the (h'ou I) would unanimously fawn a program using the I('BM hoosier. The

question raised in the assumptions of Recommendation 2 involve poinls of national poli-
cy oucside tile competence o1 the (;t+OUl). For this reason, the (;rotq) considered two aher-

native tnethods for accomplishing Phase 1.

[.I] Recommendation 3.

(a) The use of an improved VIKIN(; as a hoosier with a liquid-propellan_ second

stage hased on the AEROBEE-HI and a solid-propellant third stage. For tire inilial part of

lhe program, characteristics sinlilar m those of the present AEROBEE-ttl and file scale
SERGEANT motor were assumed: however, it is expected that both these stages would lit"

improved during tire course of the development and dmt tire last stage would eventually
he auitude-stal)ilized.

(h) The use of the REDSTONE missile, as currently being modified [or use in re-enu y
tests, as a booster, either with three additional solid-l)ropellanl stages or wifll one liquid-

propellant stage based on AEROBEE-HI and two additional solid propellant slages. For

the initial part of the program, it is assumed that a cluster of seven scale SER(;IqANT
motors would be used tot the second stage and one scale SERGEANT nlotor fin each of

the third an(l tkmrth stages. Concurrent development woultl include replacing the l)resent
REDSTONE molor with a liquid-oxygen-gasoline motor, better prol)Ortioning of the

stages, the possible suhslitute of a liquid-propellant second stage and attitude stabilization

of tilt? final stage.
Five nlenlbers of Iht' (;roup recommend ahernative (a), and two menlliel's suppor!

alternative (h).

Rt, comlllendatioll 4.

Regardless of tile course <)t+action taken on Phase I, Phase lI should make use of an

I(:BM hoosier and sh<mld lit" trmde a resl)onsihility of the ,:\iv Force. The work should he

carefully coordinated with file ICBM program and any mililary satellite l),ogvam which
may tie underl,tken. If possible, an attempl should be made to use some of lhe sitllle (-Olll-

])onenls as are used in Phase I.
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[5 ] DISCUSSION

Factors Considered.

Tile Ad Hoc Advisory (;roup on Special (:apahilities has considered three proposals:
(1) An Army proposal hased on a modifie(t REIISTONE missile with three addilional

stages ....

(2) ANaL+' proposal based on a moditied VIKIN(; rocket with two additional stages ....

(3) An Air Force proposal hased on the ICBM hoosier with one additional stage ....

The findings of the Group set forth in this report are based largely on the presenta-

tions by the Army, Navy and Air Force rel)resentatives on 6-9 July 1955 in Washington,
I).(;. and Redstone Arsenal and on addilional data and inli)rmation obtained hv the

Group from attthoritative sources.

The Group has weighed the several proposals and ahernatives against the primary
question:

What program will be most certain of placing the most usetifl satellite vehicle on an

orbit of at least 150 to 200 statute miles' perigee (minimunl altitude) within the

International (;eophysical }2_ar period and with minimum interterence with priority mili-
tary programs?

The tactors considered hy the Group in developing the recommendations and con-
chlsions inchMe:

( 1 ) The practicability of putting up any salellite within the time period:

(2) The minimum payload and altittute tiw something usefifl;
(3) The duration of tile orbit;

(4) Tracking requiremenLs;

(5) The growth potential of the equipments [sic] proposed:
(6) Maximum use of availahle titcilities and skills;

(7) Minimum delay of priority projects;

(8) Maximum scientilic utility;
(9) Broad national interest;

(10) Over-all economy tot about a 5-year period.

[6] Basis tbr Opinions.

The majority of the (;roup (live members) supports as tirst preference using a pro-

gram along lhe lines of alternative (a) of Recommendation 3, using the VIKING rocket as
a booster, for the tollowing reasons:

(1) Despite its smaller size, the proposed V1KIN(; booster offers better performance

and more reserve margin than the REDSTONE with its permanent 75,000-potmd-thrusl
engine.

(2) As a result, the VIKINC, requires only two additional stages, whereas the RED-

STONE requires three or Ibm, at least one of which is a multiple cluster in the currenl
proposals.

(3) The necessary modifications to the VIKING for a minimmn program seem Io be

well within demonstrated engineering capahility, and il appears Ihat the facilities

required, including those tor the GE X-400 rocket engine, could be made available wilh-

out any intertiqence from, or with, existing weapons projects.

(4) There is al least a tinite prohability/hat the objectives of the minimum program

will not only be lllel hut exceeded to such an extent dmt essentially the tifll ob.jectives of
Phase ! above will be achieved during the I(;Y period. It seems less likely that this resuh

would be accomplished if the REDSTONE booster should be used, unless'immediate steps
are taken lo replace the present REI)STONE rocket motor with lilt' ICBM motor.

(5) One single agency, the Naval Research I.aboratoly [NRI:], has had an extensive

experience with the VIKING rocket, with the AEROBEE and with upper atmosphere
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research e(tuipnwnt. This agency has an excellent reputation toy on-time acc(mq)lishnmnt

()t its o])jectives and is not l)rimat-ily inw)lvcd in any high-priority weapons project.

(6) Because <)fire smaller size, the pmt)osed VIKIN(, would require less logistic support
and would be more suital)le and more economical ti)v a continuing small satellite program.

(7) The associated AEROBEE-H! dcvclopmcnt would undoul)tcdly bc used in more

advanced stcps of the satellite program.
(8) The improved VIKIN(; components might also be used eventually to make a larg-

er see(rod stag(' for use with the ICBM booster to achieve still greater performance.

(9) The liter that the VIKIN(; project has been declassified would simplil}' the hand-

ing ()t security problems in any inteHmtional collaborative project and would increase the
amount of technical data that could be released.

17] On the other hand, a minorit__ of the (;roup (two members) maintains that a program

along the lines of alternative (h) should bc adopted. The minority lists the following reasons:
( t ) The REDSTONE is larger |hall the VIKIN(,, has more tlexibilitv in application to

a satellite program and thercti)rc has more chance of achieving success during I(;Y than
VIKIN(;.

(2) The \qKING proposal retires each stage to meet predicted values within narrow

margins tt) (each the goal ()f the program, and the developnlent problems are so great

Ihat tile,.' might make it impossil)le l() meet the ot)jective within tile I(;Y petiod.

(3) The REI)STONF+ proposal, in c()ml)arison, has tcwer develolmlent problenls.

(4) The REDSTONE missile is an active weapon program now entering intensive

tlighl testing and tints will have the benelit of many tests prior to the first effort to launch

a satellite; this will also ,educe the costs (>f additional satellite vehicles.

(5) Range facilities I)lanncd li_l Ihc REDST()NE missile as a weapon can 1)e use(l tOf
the satellite based on REI)ST()NE, lesllllillg ill less intert_.'rence on facilities.

Nccd for Extensive Tests.

Alth<)ugh the cont_gttvali()n l)top<>sed by NRI+ is hasically sound and, in the opinion

of tit(' majority of the (;roup, with appropriate moditications has an a(lequatc l)rospect for
success, it is 1)+el|eyed that tilt" progtam proposed hy NRL should be expanded t<) inch,de

IIIOl'e ¢'he('k-oul ll.lns o[" ('o111pollelltS alld [l-it.t] I'(IllS of COllll)[ete asseml)lies.

For example, (lie NRL has proposed three tlight tests of the M t(}; Otis seems insutti-
cient. The combined second attd third stages should have ttial runs as a unit bclorc the

satellite launehings. /Ks soon as possible, tcsts should be ,un on ignition and other ptol)-

Ictus co(metted wilh tit(" launching of a spinning solid rocket from the nose of an

AEROI+,EE-ttl. 'Ii'sts of this sort might t)e started with existing AEROBH+;-HIs and solid

rockets. An existing AEROBEE-HI, with a 7-inch scale SER(,EANT motor in vertical tirings

carrying a 5-pound payh)ad, would rise to nearly 800 miles and stay out of the atmosphere
15 mitmtes or more; so preliminary data might be obtained on the ope,ation of t>eac<ms

at high ahitudes and possibly on their degradation due to tile elli'ct of (olnic tays, direct

stmshine, io,tization at high ahitudes and so on. Similar consi<levations would at)ply Io any

alternative second- and third-stage corot)|nations that might be (teveloped. Betove tile tirsl

complete satellite launching, it ntight also t)e desirable to launch several complete vehi-
cles with tidl commtmicaliotl [81 equipment on a near-vertical trk_jectory in order to

ot>lain tilt' most realistic s;_st('m tests l)ossil)le t)etore lau,t<:hing an aclual salcllile.

Selection (>t Orbit.

The relative merits of various orbits with respect to equatorial, inclined of pola,; were

consi(tcred I)v the Group in connection with tracking, and the tk)ltowing comments are

l+he smaller tit(" vehicle that is to be placed on orbit, the more important it I)ecomes

to ensure ratlio tracking. Otherwise, the risk (>t losing contact with a small object its a
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result of the marginal capabilities of the optical methods described to the Group becomes
too great.

An orl)it inclined about 30 degrees and svtnnwt]-ical 1<) the equator would seenl It)

offer the greates| imntediate scientific ulility. [(wotdd seem to give adequale initial obser-

vations tot establishing the orl)ital elements; il would, in eftect, yield data over an equa-

torial band 60 degrees in width, and it would provide increased &_ta on geophysical phe-
nomena which are funclions of lalitude.

Other reasons for f_tvoring the inclined orbit are lhat it will be sintpler to place on
orbit, will reduce logistic costs and preparation make niaximuln use of United Stales

installations, offer wide opportunity for internalional collaboration, provide more oppor-

tunity It) use skilled observers in numerous astronontical observalories (where special

instrtunenls nlighI be needed, this would allord the [)ossibilitv of enlisling United Stales

llltlttlal scientific aid at a low c,:)St fk)l"operalion) aud attord extt'nded possibilities of enlist-

ing radio alnateurs and amateur astronomers as observers in many countries, thereby
increasing ])Oplllar interest aI|d support frolll olher llaliollS.

()ll the olher hand, an equatorial orbit, allhough providing more opporttufities for

observations from any one point in a given period of time, offers limited opportunilies for

international collaboration, generates more serious logistic problents and greatly reduces

the potential ntunl)er of obsel-vers. If the slighl imprt)vement in the perlorniance niargin

which would resuh froin launching on an equatorial orbit as compared wilh an orbit

inclined at)out 30 degrees is necessm T io achieve orbiting conditions, the proposed ])er-
tormance is considered to I)e too spectdative.

For the preceding reasons, the (;roup recommends the inclined orbit and recom-

mends that a radio transmitter be carried in the satellite vehicle, regardless of which pro-
gram is activaled ....

Document I-5

Document title: Reuben B. Robertson, Jr., Deputy Secretary of Defense, Memorandum

for the Secretaries of the Army, Navy, and Air Force, "Technical Program for NSC 5520
(Capability to Launch a Small Scientific Satellite During IGY)," September 9, 1955.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

T/Us memorandum implemented the rteci.sio,_ by the l¢isenhower admini_tration to ]ocus on the d_n,el-

opment _( a _l_u rocket based o. the existing_ I )kin K (boo.sler), Aerobee (seco.d stagre), a_d ._?n_q'.t
(third sta£re) rockets. 7"ki_ u,a._ later termed Ihe _hn£,'uard rocket.

[no pagination ]

THE SE(:RETARY OF DEFENSE

WASt tIN(;TON

MEM()RAND[rM F()R: TI IF; SE(:RETARY OF TI IE ARMY

TI IE SECRETARY OF Ti tE NA\T

TI IE SECRETARY OF THE AIR FORCE

Septenll;,er 9, 1955

SUBJE(:T: Technical Prograln t_)r NS(] 5520 ((]apability to Launch a Small Scientific
Satellite Duri,lg It;Y)
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References: (a) NSC Action 1408, meeting of 2(; May 1955, pertaining to NSC Report 5520

(h) Menlo fronl DepSecl)ef to Muhiple Addressees, 8 June 1955, subiect:

NSC 5520

1. The National Security Council Report 5520 provides for a program t¢) launch a sci-

entific satellite during the period of tile International Geophysical Year (luly

1957-Decemher 1958). The implementing directive charges the Secretary of Detense with

the ovet_all responsibility of the scientific satellite program as delineated in NSC 5520, and

the :kssistant Secretal y of Detense [ASD] (R&D) has been assigned the responsibiliD' fi)r

coordinating the implementation of the scientific satellite program within the Defense

Department by reference b.
'2. In caro'ing out the technical program prelimina_T to launching the satellite, the tO1-

lowing course of action is approved:
a. A joint three-service program [will] be established to produce and launch a small

scientific satellite based on the Na W proposal invoMng the improved Viking (hoost-

er), Aerobee-Hi (second stage), solid-propellant modified Sergeant (third stage).

b. The Navv Department will manage the technical program with policy guidance
from the Assistant Secretaiv of the Defense (R&D) and will provide the funds

required to implement the action in a above with the understanding that reim-
bursement will be made as soon as fimds can be made available from other sources.

c. The Departments of the Army and Air Force will participate in tile prosecution of

the technical program and will assign appropriate priorities to permit attainment
of the schedule to he established hy the Na_ 7 to, such work. Any major intert_'r-

ence resuhing from such priorities will be I)rought to the altention of the

Assistant Secretary of Defense (R&I)).

d. Tilt: :kssistant SecretalT of Deff'nse (R&D) will continue the Technical Advisory

(;roup already establisl'aed to advise the ASD (R&D) and the militao' departments

on the technical program.

3. Any departmental interest or requirement in connection with the scientific program
of observation after satellite launching will be programmed by the militm T departments

ill accordance with existing policies and procedures.

4. It is requested that the addressees, as appropriate, provide for tile immediate imple-
mentation of the action above. "File Secretat T of the Na W is also requested to advise the

ASI) (R&D) as soon as practicahle of the detailed plan for undertaking the technical pro-

gram and for coordination of thai program with the other milita W deparmlents.

5. In order to provide lot the coordination of inter-agency matters and the exchange of
information on this program with other government agencies, separate action is heing

taken to establish a coordinating group under the chairmanship of the ,_ssistant Secretal T

of Defense (R&D) with membership to be invited from State, Central Intelligence Agency,
National Science Foundation, and National Academy of Sciences.

6. The international scientific purposes, the classified militaw-related rocketry, and tile

political and propaganda aspects of this program pose special pioblcms with regard to

security classification and information release. The following principles apply:
a. The classification of equil)ment and techniques pertaining to the launching and

rocketry which are common to military weapons systems will t)e governed by the
security classification of the military weapons.

h. Information regarding the satellite'itselt; ally inclosed [sic] instrumentation, the

orbit and other items relating to the scientific program will be unclassilied, ill

least bv time of launching.
c. All inf_)rmation material intended for public release relating to this prqject will

he submitted to the Office of Security Review. In this regard the Department of

I)efense is operating under tile specific guidance of tilt" ()perations Coordination
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Board. Infiwnmlion on military parlicipation [handwritten underlining] in the
program and possible relationship to military Programs [handwritten underlin-
ing] will be kepl to a minimum.

Reuben B. Roberlson,Jr.

Depmy

Document I-6

Document title: Joseph C. Myers, Deputy Secretary, Advisory Group on Special
Capabilities, Office of the Assistant Secretary of Defense, "Memorandum for Members,

Advisory Group on Special Capabilities," December 1, 1955, with attached: Homer J.
Stewart, Chairman, Advisory Group on Special Capabilities, Memorandum to Assistant

Secretary of Defense (R&D), "Activities of the Advisory Group on Special Capabilities,"
December 1, 1955.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

The attached memorandum, pre[mred ju.st flmr month.s after the decision to proceed with the develop-
ment o[the up,t,vmded I_king rocket, rq[_:_ back to the earh:er SleToarl Report. 7'he memorandum note,s

the importance of deT_elaping a backup plan as outlined in the Phase H recommendatio, of the Stewart

lIeporl, in the eT_enl that development delays wouM make it impossible [or the Naval Research

l,aboralory (,\TU.) a,d the Martin Compan'r to meet their .¥chedule. The approved schedule i.s al_o
included in the memo.

OFFICE OF THE ASSISTANT SECRETARY OF DEFENSE
WASttlN(;TON 25, D.(:.

DEPARTMENT OF DEFENSE

RESEARCH AND DE\ EI+OPMEN I

1 l)eccmber 1955

MEMORANDUM FOR MEMBERS, ADVISORY C,ROUP ON SPECIAI+ CAPABII3TIES
Atlachment (A)

1. The attached mcmorandtmL drafted bv the Advisory (;roup Chairman and edited by

the Staff, delineates for the _ssistant Secreta_' of l)cfense (R&D) the results o1 tl_,

(;roup's action of the 1:5 November 1955 meeting and its ti_ture plans.
2. For reasons of expedition this memorandum is to be an agenda item fi)r the Policv

Cotmcil at ils 15 l)ecember meeting.

3. If the Advisory (;coup members have any disagreements of a substantive naltn-e they
are requested to intorm the Staff by Fridas,; 9 December.

JOSEPH C. MYERS

Depu_, Secreun T

Advisory Group on S1)ecial Capabilities
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[aHachment]

III
()FFICE OF THE ASSISTANT SE(;RE'I'M'D[ ()F DEFENSE

WASHIN(;TON 25, I).C.

I)EPARTMENI" OF I)EFFNSE

RI"SEARCI 1 AND I)EVELOPMENI"

..... , _ . ,yMEMO1L_kNDUM TO ASSIS IAN I SECRETAR OF DEFENSE (R&D)

SUBJECT: Activities of the Advisory (;roup on Special Capabilities

Attactnnent (A)

1.

1 December 1955

'2.

3.

4.

The Advisot-v Group on Special Capabilities held its Filth Meeting 18 October 1955 in

the Pentagoll, Washit_gton, I).C. Those in attendance are given on the attached list.

The homing session, at which all allell(tees wele t)resent, was devoted to a progress

t.ei)ort by:
(a) Mr. Sainttel (]letnetlts of OAS1) [Otficc of the Assistant SecletaD' of 1)et+ense]

(R&I)) on OS1) [Otl]ce of tile Se(t+elaFy t)f Detmlse] dcvcloi_ntenLs

(b) Representatives of the NRL on Na%' progress in coimactual arrangements, tri-

service cooperation, and propulsion control and end item detail.

The :,tlternoolt sessiotl was executive, with Mr. Millotl Rosen of NRI+ and Messrs.

Sanntel (]etnents atld A[ Waggoner of OASI) for brief pcliods of consuhati<m.

eXftcr Ibis c¢mstthation the following cotnnwnts and reconmwtldati<ms on the

pr_grcss to date were lortnulated.

(_OtlllllelltS ;.ttl([ Recotntlletldatiotls

(a) In the Advisory (;roup's earlier consideration of the best way to carry out the satel-

lite program, a pa]amount issue was the possible interference at Martin if that corn-
[)any t)etame involved in the I(',BM prograin. The prol)ability of this action occurring
was considered to be so small that a majority of the group recommended approval of

tilt + basic p,ogranls proposed by Martin. Now that Martin is heavily involved in the

I(_BM program, it is inevitable that the participation o1 the senior [21 Marlin techni-

cal persotmel in the satellite program is, and will continue to be, severely reduced.

The vetv compressed schedules tequired by the satellite program now will require the
Navx, r to'maintain tn+nJ+sually close sttpervision to etlsttre early recognilion of potential

diflicuhies due to technical management dilution.

This situation gixes the Advisovv (;tort 1) particuhu concern that there is as yet tic> for-

tnallv approved program aimed toward providing an emergency back-u I) in case
sevele develot)ntenl delays should occur in the NRL-Mavtin program. The +\dvisoty

Group understands that the OASD (R&I)) actiml dated 9 Scptemt)er 1955 which for-

mally approved the NRL-Martin program is also based on a decision not to implement
at this time the +:kit-Force program designed to carry out the Phase I1 reconmlenda-

tion in our +3August 1955 report (RD 263/9) which might, in its early stages+ have

provided such a back-up, lit response to an OASD (R&D) request, NRI+ is preparing

:t ,eport sunmlarizing their satellite launching system for presentati<m to tilt' Policy
(_otmcil ,-eli.qred to in a 19 September 1955 memorandun+ lr<ml the _Lssistant

St'tTet;+tl"¢ of Defense (R&D) to the ++kit-Force attd relating to the ++kitForce Phase II



|'_XI'I+()RIN(;I'IIE[!NKN(IWN 47

back-upproposal.Thissamememorandumrequested|haliheotherservicespresent
Hmirconsiderationsofahernatesystemswhichcouldprovidelhisemergencyback-up.
TheAdvisory(;rOtlp de'ellis it eXllelllely illlp{)llalll that such plans be made. Even if

it is not practical 1o provide funds m inlplemenl such proposals fully, it should be pos-

sible to authorize preliminal T engineering studies (unconnected With ICBM person-

nell to provide completely defined plans and to (telellllille the time at which imple-

mentation would be necessary if lhev Wele ill tacl to provide a back-up.

(b) NRL and Marlin have completed the review of prop<_sals tot the developnwnl of
a propulsion system |or Stage 1I, and a prelimina.rv contract, dated 14 November

1955, has t)een placed with Aerojel-(;eneral (]ol-])oralion. Two syslenls were proposed
I)y Aerojet, one based on gas-pressurization with highly stressed 4t0 steel tanks and

the other based on all adal)talion ota lurbim, pUml)ing system from one of their assist

take-off develot)menls. Ill view of lhe vet', shol+t tillle schedule (the delivery [3] {lille

tor the firs! unit is 1 November 1955) [mld] the devch)lmlenl problems il(herent ill

either system, NRI. in proposing lo authorize Aer<!j{'l to proceed with both systems
until the lime when one can lie shown to be salistactory or superior.

It in recommended that tim NRI. proposed course of acli<m be tollowed.

(c) NRI_ and Marlin have ol)ta.ined aud are e_.alualing proposals fronl live ditli, rent

organizations for lhe developnlent of the spinning, solid-llropelhtnt ' Stage III. Again,

in view of the developmenl ])r,d)h'nls and the short time scale, NRI+ l)lans lhal two of
these proposals tie accepted alld pursued until lilt' lillle '_vllull ()he C_lll t)e shl.)V¢ll 1¢) t)e

satistilctory <)r super|on

h in recommended that this course of action be tollowed.

(d) NRI. has prepared a prelim|navy lest schedule and Ibis is being discussed with the
Air Force Missile Test (;enter (t'au-ick Air Force Base). In view o[lhe aheadv active mis-

sile progranls :,tl Patrick an{[ of the m,o ICBM and th{! IWo IRBM programs wilich should

be active with high priority near the lime of tilt' NRI+ progranl, we are requestin._ NR1.

to present to us at our nexl meeting a review of the range scheduling problems.

(el A pavlicuhu range scheduliug pvobhml concerns the supply of liquid oxygen. We

have noted that lhe supply in becoming critical ill several places at Hlis time. Ill view

of lilt large qu,lntity usage of this t)ropcllanl bv all Ihe high t)ri_vilv ball|slit missile

programs, it is ill/l)Ol'l_llll Ih,tl iIII adequate supply at Pair|ok Air F_>lce Base 1or the
NRIzMarlin program be assured.

We are requesting NRI+ also t_ l),esem a review of this prol)h,n! al olu nvxl meeting.

(t) }_,'e note with (Oll((wn thai lhe systelll [i._l cormoiling lhe lr:+ject</l T and altitude of file

satellite lmmching vehicle in nol }el determined. Various svslcms fi)r both Stage i and Slage

II are slill [llldel- discussion. In view of Ill{' well known dt'vel°pment probhqus associated

with such devices, we deem it imt)erati_c t]lal Ihis [hlid sillutlioll II{_l lie /Itldul_, I)r_donged.

[41 We are requesting that Martin present to us at our next meet|rag a complete review of
lhe Ir_!jectory control and altitude stabilization problems and plans]

(g) Probably the most difficult development problenls associated with _,]l{" satellite

launching systems are lhose of propulsion. These items require the longest lead lime

and thus ;tftecl nlost strongly the overall schedule. (;E l(',eneral Electric] has made

considerable progress in re-aelivating the Malta test station and they expect to arrive
ill the near |ultu'e at the poiut when a molor conlt)ustion chalnbt_r can be tested.

Aldmugh the delivery of the first complele propulsion svslem tor tlight lesl is
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scheduled for October, 1956, nt) detailed development test schedule is yet available.

S milarly, no detailed devch)pntent schedules for Stage I1 or Stage III propulsion sys-

tems arc yet available.

We are recomnlending Martin to present a review of the propulsion system development

schedttles at our next meeting.
(h) In order tO summarize pl-Ogless on tile project simply, a brief coln])arison of the
test schedule as presented tm 22 Attgust 11155 and tilt" current schedule is useful.

Vanguard Schedule

Schedule Submitted by
NRL 18 Novelnher 1955

Schedule Presented by

NRL 22 August 1955

I. Delivery by GE of first stage

propulsion svstenl Oct. '56 Aug. '5t')

"2. Firing Viking No. 13 to test

Vanguard instrumentation
Oct. I, '56

3. Firing Viking No. 14 to test
ignition and hurning perfornlance

of Vanguard 2d stag(" Dec. 1, '56

4. Fire first Vanguard test vehicle [VTV]

No. 1 to test lirst stage performance

and third stag(, start
Feb. '57 Feb. ' 57

5.

V,]
6,

Fire 2nd VT\' to test first stage

performance and third stage
stabilization

Fire 3rd \q'V to test complete

perlorman(e of tirst two stages

Al)ril 1, '57

June 1, '57

7. Fire 4th VTV to test complete

l)erformance of conll)lete

3-stage vehicle Altg. 1, '57

Fire I st complete Vanguard

in attempt to get a satellite
in orbit Oct. '57 May '57

l)uring test tiring programs three reserve vehicles are to l)e availahle, anti any necessary

repeat tirings would he made between scheduled firings.

(i) lit general the time interval allowed for the propulsion system developments is

unchanged |)tit delayed bv the tinle which has heen required for contractual hegel[a-
lions. Martin expects to I)e ahle to lnake up this loss by shortening the time interval

hetween delivm T of tile first Stage 1 l)ropulsion system and the first Stage 1 flight. The

other changes are caused by introducing a ['ourtll preliminary Stage I tlighl and by

lengthening the basic 11ight test interval to two ntonths (with a spare vehicle which
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5.

call be flown ill the intervening month in case of faihu-e). In addition, the firing of
Viking rounds 13 and 14 have been canceled as such and these rounds ",_ill now be

incorporated in the tests preceding the first Stage I flight.

Since lhe various deveh)pnmnt projects are now just starling, it is too early to

make a new evaluation of the realism of the current schedu]e except to note that a

two-month firing interval should be muc]l easier to allahl 01an a one-month firing
interval and to note lha! Ihe scheduled delivery of the first Stage lI propulsion systelrl

is now one month late for its scheduled incorporation in the Viking 14 test.

The AdvisoD, Group will hold its next meeting 19 December 1955 at the Glenn I,.

Martin plant in Bahimore for ihrther smvcillance o1 tim! conlraclor's eft'oft in the pro-

gram; tire (;roup also plans a visfi to Patrick Air Force Base sometime in January for a

check on 01e test ta('ility program as i! bears on tile tesl program of Pr(!ject Vanguard.

H()MER J. STEWART
Chairman

A¢lviso_ T Group on Special Capabilities

Document I-7

Document title: Colonel A.J. Goodpaster, "Memorandum for Record," June 7, 1956.

Document I-8

Document title: E.V. Murphree, Special Assistant for Guided Missiles, Memorandum for

Deputy Secretary of Defense, "Use of the JUPITER Re-entry Test Vehicle as a Satellite,"
July 5, 1956.

Source: Both in Dwight D. Eisenhower Library, Abilene, Kansas.

Although there had been a decision to assig_ the lnler_mtional (;eophy,sical Ibm ,wient(fic satellite pro_
ject to the Naval lee,search Laboratory team and it,_ l_rqject Vang'uard Wernher yon Braun and his

associates O/the Army Ballistic Mi,_si[e Agency (ABMA ) at Redstone Arwnal in I luntsville, Alabama,

continued to ar,t,_e that the, could launch a _atellite well bffiJre the fir_-t scheduled Vanguard launch.

77fis claim was brought to the attention O/ Pr_4dent F,isenhower',_ assi,_tant, Colonel Andrew ].
(;oodpaste_; who consulted the president on how to re,_pond, lnqui14e,_ on the i,_sue were made to t)w

l)eDartment _ l)ffi'nse. A quick review _/ the situation was conducted within the l)epartment _?]
1)qfen._e. The result wa,_ a recommendation that the approved plan not be changed, and an order was

g4ven to the Army Ballistic Missile Agen O, that it should not plan]m; or attempt, a sateUite launch.

Document I-7

[stamped "UNCI_'kSSIFIEI)" over "SE(;RET"]

MEMOIL_NDUM FOR RECORD

.June 7, 1956

On May 28th Secretm T Hoover called me over to mention a report he had received tiom

a former associate in tile engineering and development field regarding file earth satellite

projec[. The best estimale is that the present proje<t would not be ready until the end of

'57 at the earliesl, and probably well into '58. Redstone had a project well advanced when
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tile new one was set up. At minimal expense ($2-5 million) the), could have a satellite ready

for ihing by the end of 1956 or Janual7 1957. The Reds(one project is one essentially of
German scientists, and it is American em 7 of them that has led to a duplicate proiect.

1 spoke to the President about this to see what would be the best way to act on the matter.
He asked me to talk to Secretavv Wilson. In the latter's absence, I talked to Secretary

Robertson today and tie said tie would go into the matter fully and carefully to tit to ascer-
tain the facts, h't order to establish the substance of this report, I told him it had come

through Mr. Hot)ver (Mr. I t()()vev had said I might do st) if I to'It it necessary).

A:]. (;oodpaster
Colonel, CE, US Army

Document I-8

[stamped "'UN(,I+ASSIFIE1)" over "(;ONFII)FN'FIAI,"]

[no l)aginalion ]
.July 5, 1956

MEMO1L,\NI)UM FOR DEPUTY SECRETARY OF DEFENSE

SUBJECT: Use of theJUtHTER Re-ent_' Test Vehicle as a Satellite

i have looked further into the matter of the use of the JUPITER re-entt T test vehicle

as a possible satellite vehicle in order to obtain an earlier satellite capability as we dis-
cttssed i'ecelltl'¢. 1 lind that the,e is no (luestion but that one attempt with a ,elatively small

e[]()ll could bt' lllade illJatltlaly 1!)57, [handwritten underlining] Also, an ealliel-attt'mpt

in Septt'nll)er of Ibis year is theoveticallx possible, although a decision to do this wot|ld

clearly delay the.lUPl;l'l"R program. ]toweve,+, thme are cmtain other aspects [handwrit-
ten undetliifing] of the matter which lllllSl be considered and which, in my judgment, are

overriding. [handwritten underlining]

The proposal for making an attetnpt at a satellite is not new and, in fact, has been
raised on several occasions during the history' of the VANGUARD program. This may be

explained bv the tact that the original REDST()NE satellite and re-entIT test vehicle pro-

posals vesuhed from a common study, the tesults of which indicated that < ssentially the
same vehicle could accomplish either task. Moreover, the first two tlights of.]UPITER re-

etltl-V lest vehicles are scheduled primarily for propulsion system tests and could C{llltintle

to smve a nmjor part _f their purpose in+ the over-all.JUPITER test program even if they

Wel'e ttsed to (alTV Ihe satellite vehicle. Thele is, h{>wevel, vo_tn t_.)l serious doubt thai two

isolated tlight attempts would t-esuh in achieving a successful satellite I hanrlwritten under-

lining], and the dates of such tlights would be prior to tb.e Geophysical Year fol which a

satellite capal)ility is specifically tequired, and prior to the time when tracking instvu-

then(alton will t>e available.
These t_tt'ts wele well known at the time that competing proposals wele reviewed in

the ()ffice of the St'cltqal3 +of Defetlse for undertaking the satellite progtam and the deci-

sion to assign this progtani to the Nax 7 VIKING grout+, i.e., the Glenn I+. Mat(in Company,
raider the code (lame VAN(;UARD, was made with the Atmy test vehicle possibilities taken

into full considerilion. That decision was based largely on a conviction thai the VAN-

GUARD pt+oposal offered the greater pt+omise of success. The hislovy ot inct+easing
demands tot funds fi)t- this program contirms the conviction that this is not a simple

lllallel +. 1 know Of I10 fleW evidence available to warrant a change in that decision at this

time. [h,tndwritten underlining]
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While it is true that the VAN(;UARD group does no! expect to make its tirsl satellite

attempt befi>re August 1957, whereas a satellile atlOtltpl could be made by I}1(' mt'lltV

Ballistic Missile Agency as early as,]anua]v 1957, litth, would be gained by making such all
early satellite attempt its a]t isolated actioit wilh no folh)w-up program. In the case ()f \,'AN-

GUARD, the first t]ight will be tblh]wed up by five additional satellite attempts in the enst,-

tug yean It would be impossit)h, for the ABMA group to make any salellite atle]tl])l that

has a reasonable chance of success without diversi<m <)f the etfitrts of their lop-flight s('i-
entitic p(ws(mnel from the main cou]se of th(',]tTPITER program, and to some exl(.]tt,

diversion of missiles from the early phase ()f the re-enlrv tesl p)ogram. Tit('/(. would als()
bca problem of additional funding nol now pr<)vidcd.

For these reasons, I believe thai to atl('mpI a satellite tlighl with the JUPITER re-cnll-V

test vehicle without a preliminary program ass]uing a very strong pr()babilitv of its success

w<)uld most surely flirt with failure. Such pIobal)ilitv c()uld <rely bc achieve_l through the
application of a considerable scientitic effort at At_NI,+\. Th(" <]b(i¢)us interference with Ihc

prog,ess of the JUPITER program would certainly present at strong argume]ll againsl such
diversion of scientitic efforl.

On discussing the possibh, use of theJUPITI_R re-entry Iest vehicle to launch a satel-

lite with Dr. Furnas, he pointed otll ('el'lain objections to such a p]ocedtue. I h" [i'lt they(,

would be a serious morale elt_ecl on the \'%NC;tlAR1) gr()up to whom the satellite lcsl has

been assigned. 1)). Fttr]tas also p()it]tcd ()ul lhal at slttellite effi)]t using the J[TPlTER re-

ent] T test vehicle may have the efti_ct ()f disrupting ()lit relations with the non-militavv sci-

entitle contmunity and i]llernational ehqncnts of the l(;g group.

I don't know if I have a clear picture ol +tit(" ]easolls toy your interest in the possibility

of using ttt('.]UPITER re-entry lesl vehich+ for lmm(hing Ihe satellite. I think it l,:tay bt'

helpful if Dr. Furnas and I discuss this matter with yotl, and I'm trying to arrange tot a _|at("

to do this on Monday.

Copy fiunishcd:
ASD (R&D)

E.V. MURPI tREE

Special Assistant for
(;uided Missiles

Document I-9

Document title: Brigadier General A.J. Goodpaster, "Memorandum of Conference With
the President, October 8, 1957, 8:30 AM," October 9, 1957.

Document 1-10

Document title: Robert Cutler, Special Assistant to the President, Memorandum for the
Secretary of Defense, "U.S. Scientific Satellite Program (NSC 5520)," October 17, 1957.

Source: Both in Dwight D. Eisenhower Library, Abilene, Kansas.

Five days _{]ier the launch _] Spul**ik 1, lYeside**t Eisenhower met with a n umber O/his advise_:_ to

a,_ess the siffnificance o/the Soviet mhievement and to consider how Io respoiM, lie wa_ tom lhat il

wouM have been po,_:sitde /br the United Slate_' to have lau_tched a said/tie well be/ore the Soviet [ ,rnigm.

Ei_enhower deeMed that it was &st to proceed with lhe I,ananzatd program a.s it was plamte& he

am_ou,ued /a/er Ihat dr(_' that the /hzsl _an.<ruard left launch was scheduled /or l)ecembe): l'2i._et_hower

al,so in_q_ted l/tat the proffmm t(o,/orwant on its curwnt _rhedub', rather than be delayed to improve
Ihe i_r_humentalion on lhe initial satellites.
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Document I-9

[stamped "SECRET," declassified May' 7, 1979]

111

MEMORANDUM OF CONFERENCE WITtt THE PRESIDENT

October 8, 1957, 8:30 AM
Others presem:

October 9, 1957

Secretary Quarles
Dr. _¢(aternlan

Mr. Hagen

Mr. Holaday
Governor Adams

General Persons

Mr. Hagerty

Governor Pyle
Mr. Harlow

General Cuder

General C.oodl)aster

Secretary Quarles began by reviewing a nmmorandum prepared in Defense for the

1'resident on the subject of the earth satellite (dated October 7, 1957). tie left a copy with

the President. He reported that the Soviet launching on October 4th had apparently been

highly successful.
The President asked Secretary Quarles about the report that had come to his attention

1o lhe effect thal Redstone could have been used and could have placed a salellite in orbil

many months ago, SecretauT Quarles said there was no doubt that the Redstone, had it heen
nsed', could have orbited a s_tellite a year or more ago. The Science Adviso O' Committee had

R'h, however, that it was better to have the earth salellile proceed separately from inililal-y

development. One reason was to stress the peaceful character of the effort, and a second was
to avoid the inclusion of materiel, to which toreign scientists might be given access, which is

used iq our own military rockets, tle said that the Army/eels it could erect a satellite tour

months t]om now if given the order--this would still be one month prior to the estimated

elate [or the Vanguard. The President said that when this intbrmalion reaches the Congress,

they are bound to ask why this action was not taken. He recalled, [2] however, that timing

was never given too much importance in our own program, which was tied to the I(;Y and
confirmed lhat, in ordeF for all scientists to he ahle to look at the instrument, it had to be

kept away from milit;uv secrets. SecrctalT Quarles pointed out lha! Ilw Arlny plan would

require some modification of the instrumentation in the missile.
tlt" went on to add that the Russians have in i_tct done tl.s a good lurn, unintentional-

Iv, in establishing the concept of freedom of international space--this seems to he gener-

_{11yaccepted as orbital space, in which the missile is making an inoffensive passage.
The President asked what kind of infi)rmation could be conveyed by lhe signals reach-

ing us from the Russian satellite. Secretary Quarles said the Soviets say that it is simply a

pulse to permit location of the missile through radar direction tinders. Following the meet-

ing, Dr. Waterman indicated thai there is some kind of modulation on the signals, which

may mean that some coding is heing done, although it might conceivably he accidental.
The President asked the group to look ahead live years, and asked about a recon-

naissance vehicle. Secretal T Quarles said the Air Force has a research program in this area

and gave a general description of the project.
(?,overnor Adams recalled that Dr. Pusey had said that we had never thought of this as

a crash program, as the Russians apparenlly did. We were working simply to develop and
transmit scientific knowledge. The President thought that to make a sudden shift in our
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approachnowwouldbetobeliefileauitudewe have had all along. Secretary Quarles said
that such a shifl would create seiwite fellS)OilS ill the Pentagon. Mr. ttoladav said lie

planned to study with the Army tile back tip of the Nax_,, prograni with the l_edstonc,
adapting it It) the instrunlentation.

There was some discussion concerning the Soviet request as to wheiher we would like

to put instruments of ours aboard one of their satellites. He said our instrunlents would

be ready for this. Several present pointed out th;4l ollr instrtllllellts contain paris which, if
made available to the Russians, would give theni substantial technological information.

AJ. (;oodpaster

Brigadier (;cneral, USA

Document 1-10

[stamped "SE(:RET," declassified Fehrttary 27, 19,v,61

Octoher 17, 1957

MEMOP_NI)UM FOR THE SECRETARY OF DEFENSE

Subject: U.S. Scientific Satellite Program (NS(: 5520)

I am writing this nlemorandum Io you as Secretary of I)eli'nse because the

Department of Defense is file responsible executive agency for carrying out the U.S. sci-
entitic satellite program ill accordance with NSC 5520.

At a recent meeting of the National SecuriB' Council the President made very plain
that the overriding ohjective of tim IRBM and the ICBM programs is tire successfhl

achievement of these hallislic missiles with the necessary range and reasonable accuracy,
in priority over related prohlenls.* ' '

Allilough re(eilt (]Olllleil act)oil has ilOt reflected a sinlilar expression by tilt'
President with reference to tile U.S. scientific salellite, the President's eOllCCrll in this

regard is no less clear. As you know, tile President isstled a statenlent to the press on
October 9 thai the first satel'lite test vehicle was planned to be launched in Decemher, and

that tile first flllly-instrumented satellite vehicle would be launched in March, 1958.

In line with this statement the President said yesterday that he wanted to be sure that tile

launching of" tire U.S. scientific satellite proceed as planned and scheduled, tte is, of course,
conscious of the tmdersiandable desire of the scientists to perii_ct tile insirumentation that

goes into the satellite. Nevertheless, he made vet3' plain that any etforts fiulher to perii:ct such

so)entitle instrurnenlation should iiol he pernlitt'ed to delay tile' planned launching schedttie.
In order that tllere inigtlt be i1o anlt)iguil),, I thougi/t it advisable to send tiffs [llelno-

raildtilll to you as ilead of ttie responsihie executive agcilcv, with a copy to tile Director of
tile National Science Foundation. ' •

Robert Curler

Special Assisiant
to tire President

cc: Directol; National Science Fotmdation

General Goodpaster

* (NSC Action No. I<q00-c)
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Document 1-11

Document title: Donald Quarles, Memorandum for the President, "The Vanguard-Jupiter

C Program," January 7, 1958.

Source: Anne Whitman File, Dwight D. Eisenhower Library, Abilene, Kansas.

A Itho ugh the rocket team at the ,4 rmy Ballistic Mi._sile Agen_T in Huntsvilb', A laba ma, had heen cam-

paiKttingJbr several "lear_ lo be allowed In attempt a ._atellite launch, it wa.s rml_' after the October 4,
1957, laum'h o/Spz_tnik l that it was \6yen permission to prepaw to do ._o. Fven then, the Army '._

.]upiter C launch vehicle was treated only a._ a backup to the DLngr_lard laultcher. Only after Ihe lail-

u_v o/ theJb:_t Dtng,'uard test launch it_ December 1957 was tt e.[upiter C .wttellite e[]brt acceh'rated to

aim al a late|an uary 1958 laumh.

[original tnarked "SECRET," cn-ossed oul by hand]

[11

TI IE SE(:RETARY ()F DEFENSE

WASI IIN(;T()N

MEMORANDUM FOR TIlE I)RESII)ENT

.IAN 7 1958

SU BJE('T: The VAN( ;t L-kRD-] U PITER (: l'rogtam

The documents which led to the authorization on 8 November 1957 of the JUPfl'ER-

C hack-up for the VANGUARD program and those which describe the present program

are sumntarized as follows:

7_ October 1957
The Secretary of the Army hy ntemorandum to the SecretaD of Defense seated that

the success of th(; third.JUPITER-C re-entlT firing had solved the JUPITER re-entl T prob-

lem leaving 8 remaining ItII'ITER -Cs in various stages of assembly as excess to direct

jItpITER needs axtd that.]UPITER-Cs could he readily modified m provide an early satel-

lite capability. The Army estimated it would require lk)tlt" months from a decision date to

the th'st launching and recommended a program based on launching six satellite vehicles

requiring a total of $12,752,000 of non-Army funds.

14 October 1957

The Secretary of l)efense by memorandum to the Secretary of the ArnLv advised that

it was planned to continue the'VAN(;1.LMRD program along the ctnrent scientific lines.

l'he Anmy was asked 1o restudy its i_roposal and suggest inealls appropriate tk_r a hack-up

of \_\NGUAR1) directed tow_ud the launching of the 2 I-lb. sphere, a part of the VAN-

(,UARD so|entitle program. The suggestion was made that the possih lily' of componenl

assistance to \'AN(;UARD as well as the possibility of an independent Army launching px-o-

gram he covet-ecl together with estimates of ti:nt" required and the cost of the pr_!ject.

23 Octoher 1957
The Secretary of the Arnt,¢ by ntemorandtml to the SccretmT of Defense stated the

Army I_elieved if'could place a \%NGUARD sphere in orbil in June 1{)58 by using the

.]UPiTER as the fin-sl slage and the JUPITER-C three stage solid propellant cluster as lhe
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u|)per liircc slagcs. This prograni, eslinlaiccl io cosl $1t7.2 hi|ilion, callcd for fiiur ]auncil-

ings. To girt! lilt" [)roi/oscd at)proatT]l a high aSSlli_illtt, of SilC(:oss, lllc ArlllV rctOllilnclld-

col liic launching- ofaJ{!PITEl-(_ c}'lhldric:a saicililc in Pel)ruarv and anoll/t,r iii I21 April

to proviclc the basic knowledge to help to plltc+c it V,;\N(;I.D+\RD sl)hcrc in orbit in June. :\

sccond.JUPITER/JUI}ITER_C/VAN(;UARI) sl}hcl-c vchith, Wllich could bc Imlnchcd iu

St'l)lCiill)er was proposed as additional assilrancc. In ibis lnt'illorandiull llic Arillv advised

that il would bc possible Io packagc ill IIIeJ[!PITI(R-(] cylindrical satellilc illSlilllllt'lllltlion

which would direciiy Sllpt)orl scitqititic t!xpcriincnls wl{ich are a parl of lhe \7\N(;I!ARI)

progi-alll. ()lhtlr approaclics WCFI' considered ])v lilt: Arinv bill in die oil|it|oil of lilt ArlliV
oflered little CllallC(, ill SllCCCss,

__90clol)er 1957

Tile Special Assislanl for (;uiclcd Missiles by lilt'it|orb|lid|till Io lhc St_t'l{,llil,_ of

l)el{'nse advised hinl of the plOgl-alll rtwOllllllt,ilded io him by I|le Advisory (;roup on

Special (Tapal)ilitics Io provide lllaXillllllll ilSSlll_llltt, ot Sllttc_ss for thc VAN(;I_!ARI) satel-

lile plOgl{llll. This glOllp rt!collllnclldt!d lilt, list! of IwoJUPITER-(; lypc vehicles io bc llSt'(i

to C{tlry Iwo scienliilc saleiliws Oli orl}h, The Allny's cslinlalcd cost o1_ (OllVt,lting RED-
ST()NES to J{rPITER-(:s mid [)roviding Jill-lilt' ]muldling was given to be $?;.5 nliliion wilh

lht: (t)sl o[ tilt" REI)STONI,] nlissiics 1o I)c at)sol|)col I)y lilt! :\rnl.v. The Special Assislitlil ti)l-

(;uided Missiles apprc)vcd this back-up plOgliilli illid it'COli/illt!ll(lt,d iilat ii bc callcd Io iilc
atlenlion of the Prcsicicnl ti)r his _lpl)roval,

8 Nov{_inbor 1{)57

"I'hc St!cl'cllll)' o[ l)cti'nsc hy rllt'illolaildilln Io thc St'tTt!lal), Of tilt" ArlllV acknowh,dgcd

lhc Alllly oil{q (lncinoralldtlill of ltlc S{'(lt'l_ti-,,, of lhc Arliiv 1o ihc Se{'rc'l_llT o[ i)ctT,'nsc

dared 23 Ociobt,r 1957) io ]lc] l) itSSlll'(" lhal lhc 't!,S. [(;Y scic'nlific salel]ilc WOtlld ill_lilllitill

ilic allllOiilict,d sciicdulc, hi lids lllt!lllOlalldtlill, tilt ArlilV wits rcqucsled Io proviclc lhc

capat)ilit) cffi_ulnciliug _l s,ticllile conl_iining scicnlitic inslrulncnlation I)v Ihc list' ofa lilt}d-

tiled JLrPITER-C tcsl vehicle. The Arllly w_ts authorized to proceed With lilt- lieCt's,galy

preparation to ailernpi two launch|rigs during March 1958, l]ie actual dates 1o 1){- dt'l{w-

nlined lale_; Funds in tilt' alnouni ot $<].5 in|ilion wcr0 aulhorizcd Eo support lhe proglanl.

72 NOVClIIt)tq" 1957

"Hie l)ircclor of (;uidcd Missiles by Illt'lllOl_ll/(hllll lo lilt, 5t'tFt'[}llV ()1 lilt' AlillV Iloli-

ikxl lhe Alllly o1 tile assignint, nt io tll_i ]trPITER-C vehicle of tile coSiilic l;_lV cxpt'i:inlt,nl

originally scileduled flit VAN(iIL,\RI) and disapl)rovcd the l)rovisioll {)t additional

lllicro]ock lt_ltqll011-y rcct,ivillg slalions ill t'Onllt, Clion Wil]l lile ])rogralll.

131:_ l)ecelilbt!r 1957

Tilt l)irccior of (;uidcd Missiles by lilCiilorlilidUlil advised lilt! 1)ireclor of Rt-_.;t,al-{.h

_iill[ l)evt']opilicnl, Dcparlni(,lll of lilt, i,\rliiv, l]l_il disapproval oliiddhicm;ll lt!lCliiclcrillg

groilnd receiving t<icililics did not Iiinil lht, Arlliy ]toni us|Jig wllalcvt, r ground t.tiilil)liit!li 1

is required in tolijunt'lioll wil]l Illissiit,-bornc iilslrllmClllalioli 1o ilSSlll-t, _411c(0ss dllriilg lilt"
]_lllll(hillg l)hasc of Ill(" flig]li.

_7.1 Dcccnll)cr 1957

By lellcr to M_!j. (;eli. I),N. Yall's, (]olnilianding (;t!licraL Air Porcc Missile Tesl (;cnlCl,

liic |)ir{!clor of (;uidt, d Missiles advised (;cii. Yiil0s ot lhc scilCdliic fill a ]mint']ling i]lal

would bc coin|)]iccl wilh _is ncliliy |is ])ossil)h. and l_urnishcd ihc S_llii{, intl;)rlil_iliOll 1o ihc
Alllly, lilt NasA' alld lilt l_r.S. Nalional (]oilililillci, Ior llie I(W.
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TV-3 BU .]anuaiw 18, 1958

JUPITER C-I .]am,a_' 29, 1958
TV-4 Februa D, 10, 1958

TV-5 March 3, 1958

JUPITER (;-2 March 5, 1958
SLV-I March 24, 1958

Possible adjustment in the schedules for q_,,'-5 and JUPITER (;-2 may be made as [ollows:

a. If rl_,'-5 launches a successfid satellite at its scheduled time (Mar 3, 1958),

]UP1TER (;-2 will be delayed until aboul March 8, 1958, in order to provide adequate time

for geophysical data gathering and reduction on '!_,'-5 satellite.

b. IfTV-5 satellite is unsuccesstul,JUPITER C-1 launching attempt will be made <m

March 5, 1958 or as soon thereafter as possible.

c. Should the scheduled launclfing date for TV-5 bc delayed beyond March 3, 1958,

the fl)llowing _dll apply ms appropriate:

(1) Launch,JUPITER (;-2 on the 5th of March or immediately thereafter. If tlight

is su(-cess[ul, "l_,U5 may be scheduled for 7 (lays later.

(2) lfJUI'iTER C-2 fails, "IN-5 would be launched at the earliest possible dale.

[signature only] Donald A. Quarles

Document 1-12

Document title: James C. Hagerty, "Memorandum on Telephone Calls Between Brigadier
General Andrew J. Goodpaster in Washington and James C. Hagerty in Atlanta, Georgia,

Friday Afternoon and Evening, January 31, 1958 and Saturday Morning, February 1, 19582'

Source: Dwight D. Eisenhower Library, Abilene, Kansas.

Particularly after the l)ecember 1957 public/allure _/ the fir_t attempt to launch a Vangr_tard satel-

lite, getting a _r.S. _atellite into off)it became a matter r_fgweat interest to l'reddent Dwight 1,2i.wnhower

The./anua U 31, 1958, attempt to launch the t:xplorer I .satellite was not announced in advance, a._
had been the case with the l_,ng_mrd launch attempt. 77re 14,Trite thmse decided to announce the

laumh o,& after the .satellite wa._ aln'ad_, in orbit../ames Hagerty wax lYe.sident Eisenhower i_[,rest
" " o/his ,senior staff as,gi.stants.

secretary; (;eneral Andrew (;oodpaster was m_e
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[z]

5:30 EM.

[2] 8:30 P.M.

Memorandum on Telephone Calls Between Brigadier
General AndrewJ. Goodpaster in Washington and

James C. Hagerty in Augusta, Georgia,
Friday Afternoon and Evening, January 31, 1958

and Saturday Morning, February 1, 1958

2:31') RM. ()n arriwd in Augusta, 1 called (;em'ral (;o<)dpaster at the White ttouse

and he told me that high winds in lilt+, stratosphere were still posll)onitig
the Jupiter-(] shooting. 1 relayed this information to the President in his
cottage _tt the Augusta National (loll (Tlub.

(;eneval (;oodpastel- called lilt' at mY v_)om at the Bon Air Hotel to tell me

that tile weather was improving at Cape (]anaveral and that tile ArlllV was

going to try lo shot>t the.Jupiter-(] tonight at 10:30 EM. plus four min'utes.

I immediately drove out to tile Augusta National. The President was in tilt+,

living lOOln playing 1)lidge with Barl-v I+eithead, Cliff Roberts, and

(]lavence Schoo. tte was playing a game t)id which he made in totu hearts.

At the conclusi<)n of his hand, he walked with me tt+)the <)pposite corner

of the room, and I told him of lilt" message ['rtml (;eneval (;oodpaster.

The President was immediately vet-v inlerested and said thai he certainly

h<>ped that il+ the wealhet- weft. rigilt, the shot would be made tonight. +I

told him thai (',eueral (;o<)dpaster said tit. wot,ld call again at 8:30, and
the President left it this way: If at 8:30 I had additional news thai the

launching was still on, 1 wou+ld come out and tell him. If, however, it was

sct+ubl)ed out, I would merely call .John M<)a,ley and ask hinl to tell the
President, "Nothing d<)ing."

I thell left to return to the B()u Air Ihitel.

(;eneval (;<)t+)(Ipaster calle(t me again at this tilnc ;ttl(t told lilt" thai Iht'

weather had improved I<) the point that it was acceptable as of now, that

tht' Army was planning Io go ahead and that lhev were t)egilming fueling
o1" the rocket as of 8:30. •

(,):50 P.M.

1 drove out again to the President's <ottagc an<l told him the news. lie

asked me when I thottght the launching would occur, atld I told him it

was now scheduled l_)l 11):34 EM. tie told me to kee I) in touch with him.

I Ihell returned to the l+o,l Air llotel.

(;eneral (;<)odpaster called again t_ say that tilt+ launching was definitely

t)n and that lie was leaving his hi>me at this tinle to go to tilt* office, lit +

said that they were still four minutes behind schedule and that the
launching was scheduled t_)r 11,,):34 P.M+
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10:2:) P.M.

10:30 P.M.

[31 10:40 P.M.

10:,t2 P.M.

10:43 P.M.

141

General Goodpaster said he would call me after getting to tile office, and

attel he had a chance to check once again on the launching.

General Goodpaster called from his _fite House office to tell me that

the launching was now running 10 to 15 minutes behind the schedule

and that it looked as if the launching now would be held between 1(1:40

and 10:45.

I called the President at his cottage at the Augusta National and informed

him ol thc additional delay, tie again urged me to kec l) in touch with him

and let him know when the launching was made.

General (;oodpaster called again to say that he was going to kee l) the
White House line from his office to my office at the Bon Air open, that

he also had a direct line into the Telecommunications Center at the

Pentagon where he was receiving reports. The Telecommunications

(]enter had a direct line to Canaveral.

(;eneral (;oodpaster reported that he had nothing detlnite yet on any

launching I)ut that it was expected soon. lit: asked me if 1 had told the
President about tile delay, and I said 1 had, and that the President had

said, 'fll be here. Call m,,' as soon as you get anything."

(;eneral (;oodp;csler told me that hc had just received word that X minus
7 was at 10:41. (In other words, the reports he was receiving from the

Telecommunications Room were running two minutes behind the actual

events at Cape Canaveral.)

From then on, General (;oodpaster gave me the countdown, which went

as follows:

"X minus _P--10:42 RM.

X minus 5--1{):43 P.M.

X mimls 4---10:44 EM.

X minus 3--10:45 P.M.

X minus 2--10:46 P.M.

X minus 1--10:47 P.M.

X nfinus 20 seconds--10:47:40"

"I\_entv seconds after this, (;eneral Gootlpaster said, 'Jim, they have given

lilt: th-ing conunand at 1{):48. It takes 16 set onds to start the rocket lifting

off the ground, t lere's the report.

"'The main stage lifted off _l.l 10:48:16.

"The program is starting O.K.

"They are putting it in the right attitude.

"It is still going, they say.

"It is still going at 55 seconds.



EXPI,()RIN(;I'I[EUNKN()WN ,'_9

[51

10:56 P.M.

10:58 P.M,

[6] 11:03 EM.

"h is slill going and h)oks good at 90 seconds.

'ilupiter is on the wav_

"It is through thejel slream--The,v were worried about that jet stremn.

"115 seconds, it is going higher and higher.

"Evetwlhing is going all right at 145 seconds."

I interrupted at this time to say that I thought il wotfld be a good idea if

we were to call the President now and get him ill on a lhree-way conver-
sation between lfim, (;eneral (;oodpaster and myself. (;eneral

(;oodpaster agreed, and 1 asked lilt' Signal (:orps operlm)r to cut the
President ill.

Meanwhile, I had the radio turned on ill nw room, and the first bulletin

on the ]atltlt'lling callle in at this time. h _ias a CBS station, alld (]}ntck
\.ira Fremd was doing the reporting.

(;eneral (;oodpaster continued to relay to me the reports which he was
receiving from the Teh'connnunie,ttion's (_enter. They went like this:

"The first stage has been cut off ().K.

"180 st,c(mds report--Everything going O.K.

"Everything O.K. at three and a half minlnes after the lamlching."

I interrupted to say, "Andy, i am talking notes on this. I will dictate it

when I get back to "0,Sts|lin,_,lon. I am sure you will want a copy of this."

"You bet I will--Thanks," (;oodpaster said.

The President was cut ill to the conversation, and (;eneral (;oodpastcr
brought him up t<) date on tilt, reports thus f,u.

(;ene)al (;oodpasler said that the second stage igniti()n had gone off().K.

The President asked (;oodpaster when the announcenwnt would conw

that it was in orbit and (;oodpaster replied that that would take ()tit, and

a half or two hotus before they were definitely Sul-e.

The President Ihanked (;oodpaster for the inft)rnlation, l te said that 1
was to let him kn()wjust as soon as it went in orbit.

(;oodpasler, still relaying information fionl tile Telecomnnmications

(]enter, said thai the l_'mnching was completely successftd.

I told lhe President thal I would tell the press that lhe President was

being kept infornied, and lie said that that was right. He then said he

wouM cut ottl of this eonversalion, that if we had anything nlore of a
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11:05 P.M.

11:06 P.M.

1 1:10 P.M.

171

1 1:15 P.M.

1 1:'2'2 P.M.

m;tior announcement to tell him within 30 minutes, we were to call back,
hut we were to (:all back anytime we heard the satellite were in orbit.

]'lie President (tit out of the conversation.

While we were awaiting tktrther word, General (;oodpaster and myself dis-

cussed the "color" that I was planning to give to the newsmen on how the

President received the infi/rmation. We both agreed that this would be a

good thing to show the President was in close touch with the situation.

General Goodpaster told me he was in direct touch with the

Telecommunications Centet--"in the heart of the Army section."

He was receiving reports directly over the telephone from M@_r

Nicholson Parker; USA, and Miss Jean Ferguson, a civilian recet)tionist-

(;oodpaster: "We are waiting for a little more information right now. All
we need is some more information. We have been on the phone a little

more than a half hour. Do you realize that?"

ttagerty: "No, ! didn't. Time sure goes pretty tast, doesn't it?"

(,oodpaster: "It's been a hmg time now since we've received additional

rel)t)rts."

ttagerty: "What's the trouble?"

(;oodpaster: "Nothing. Probably they have fired all stages hy now, hilt

they have got to be sure. l don't have anything on the last two stages. _s
a matter of fact, (;eneral Maderas has just sent word to the

Telecommtmications personnel to go t.)tll |()1 a cup o| cotfee and sweat it

out with him."

l lagerty: "(;an you tell me who is in the Telecommunications Rt)om,

hesitles Major Parker and Miss Ferguson?"

(;o<)dpaster: (Talking to Telecommunications Rot)m on the other ph(me)

"Who is there widt you?"

(;o(>(lf)aster lo me:

Dr. Wernher wm Braun is in the Telecommunications Room with Major

Parker. So is Secretary Brucker. Als(*----

(;eneral Lyman I+emnitzer
Vice (;hief of Staff

Dr. tterbert York

University of California
Director of Radiation l,aboratory
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11:28 P.M.

11:30 EM.

11:37 P.M.

11:40 P.M.

11:45 P.M.

Dr. William Picketing

Director, Jet Propulsion Lahoralory

Dr.James A. Van Allen, who designed tile cosmic ray experinwn!

Dr. Richard tt. Porten who is a member of the working group for
earth satellites of the Nalional Academy of Sciences

and Murray Snyder

Goodpaster told me that Orville Split! would call in on a White tlouse

phone fi-om the National Academy of Sciences and that when tile time

ti)r tile orbiting annotmcenletzt 1)ecame necessary, Splitt would hold until

I had a chance to call the President, and then (;oodpaster would arrallge

with them the time fi)r lhe simtfltaneous annotmcement.

(;oodpaster was on the phone with the Telecommunications Room and
reported to me as follows:

"Jim it looks as if it will he a nmnber of minutes, probably fitieen, helore

we know anything further. Reports are presently being ana vzed and stud-

ied, and we won't know anyth ng for a liltle time. Maybe ! F?md better call
you back."

Hagerty: "No, I'll |mid on if you don'! mind. After all, I can'l lell tile

President anything now anyway."

Goodpaster: "This is secret. The tirst analysis thai we have received is that

the salellite has passed ow'r the tirst station, Antigua, on lime. This is w'rv

encouraging, and it lends to show thai the [9] third and tbmth stages
went off all right. Yes, I think it is a tair slatement that the 0fird and
tour/h stages wellt o[[ ().K."

(,oodpaster said that it would be at least a half hour more betore we got
any word on whether it had gone into orbit, and 1 told him thal I would

go to see the press and fill them in on some "c<)lor" as to how the

Presidenl was keeping in touch wilh the news fiom Canaveral.

(;oodpasler agreed thal that would t)e a good Hling to do since i! would

show to the world that even though the President is out of Washington,

he keeps in close touch with all importanl silualions as they dewqop.

! signed off temporarily with (;eneral (;oodpaster and went to lhe press
l'OOl]l t_)I" a pl'ess COllti?l'Cil('C.



12:09 A.M.

1 .: 1 I A..M.

12:28 A.M.

[111

12:32 A.M.

12:42 A.M.

12:43 A.M.

While I was having the press conference, (,oodpaster tried to get me, hut

talked to the President directly, and it was agreed between the President

and (;eneral (;oo(Ipaster that the President wonht slay up until there was

definite word about whether the salellile was in orbit or not.

;ks a sidelight to this conversation, 1 had left Betty Allen in my room man-

ning the phone while I went dowl_ to the press conti.rence. The phone

rang, and it was the President. He asked Betty whether we had heard any
later word, and she said we had not. The President then starled to ask her

other questions ahout the launching. She had taken notes on all the con-

versations hetween (;oo(Ipaster and myself, but the notebook was in the

other room. Just at this point, [ 10] General (;oodpaster called in again,

and Betty transferred him to the President.

1 finished my press conference about 12:05 A.M. and told the newspa-

permen that ! would see them next when I had any definite word.

1 got back on flw phone with (;eneral (;oodpaster. He Iohl me that the

l)reliminatT analyses were quite favorable, i It" also told me of his conver-
sation with the President an(t the [_tct that the Presittenl had toht

Goodpastel_"Let's not make too great a hullal)ah)o on this."

(;eneral (;oodpastcr got a call fiom Orville Splitt who told him ttlal we

would receive the scienliIic word from l)r. J. Wallace Joyce, Head of the

International Geophysical Year office of ihe Nalional Science

Foundation, in place of Dr. Alan Waterman, the Direclor, as ore original

amlotmce-ment had contemplated. Dr. Waterman had lefl Washinglon

earlier in the day after it looked as if had weather would postpone the

launching Frida_ _ evening. 1 changed the advance statement to make it

read: "Dr. J. Wallace Joyce, ttead of lhe International Geophysical x_k'ar

office of the National Science Fotmdation, informed me . . ." (meaning

the President).

Goodpastcr: (who was now working three phones--one to the

Telecommunications Room in the Pentagon, one to me in Atlgusta, and

one to Orville Splitt at the Nalional Academy of Sciences)

(;oodpasler told me:

"Governor Brucker has just told me that everything is going good, that

the Army has an open line to Pasadena and that they expect the satellite

to pass ((vet San Diego [airlv soon. ?cs soon as that happens, it will t)e final

proof that it is in orbit and _it will be O.K. to announce."

(;oodpaster said: "Governor Brucker says they are expecting il over San

Diego very shortly now and thal they should he hearing from Pasadena

within t;.)tn" mintHes."

l could hear General (;oo(tpastcr say over the t)h,nw to the Pentagon:

"'Yes . . . _k-s . . . x_%tt say it's in orhit? Goo¢P. That's |]neY'

General (;oodpaster to me: '_im, it's in orbit. _u can (all the President."
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1'2:4,t A.M.
I asked the Signal Corps to ring tile President. They did so, and he

answered imnmdiately. I said, "Mr. President, it's i11 orbit. (;eneral
Goodpaster has just received I]le official word."

The President replied, "That's wonderful. That's wonderful. Are you
going to pttt out nly staletnettt flow? .....

I told him that I was, and he replied, "That's wonderful. I sure feel a lot
hetter now."

12:45 A.M.
I came hack on the phone with (;oodpaster attd said, "Andy, is it O.K. for
me to make the announcement now?"

[12]
He said, "Yes, how much time do you want and what should we tell Otwille
Splitt?"

I said, "(;ire me five minutes. That's all I need so that the President's

announcentetH can get out of Augusta as the first official word of the
orhiting."

1:10 A.M.

I hung up and dashed down to the press room to make the announcetnent.

1 returned fl-om my press conli!rence and called Andy again and said,

"That cleans us up for the night unless you have anything thrther to add."

He said he had not, and at 1:12 we ended the conversation fin the
evening.

(Later in the morning)

8:30 A.M.
I called General (;oodpaster, and lie suggested that the President send a
message to Dr. Alan _Vatertnan, which read as follows:

[l!_l

"My congratulations to you and your colleagues. May I ask you to extend

my personal congratulations to all--in whatever capacity tfley participat-
ed-who have been working in the development of satellites tilt scientif-

it purposes, lA,kmld you also extend my congratulations to the personnel

who took part in the successthl orbiting of our satellite last night."

(;eneral (;oodpaster, in answer to questions from me, also said they

would try with the Vanguard, weather permitting, as soon as possihle am;-

time ti'om Monday morning on. The Vanguard, it was reported, was nmv
hack on the pad.

I went out to the Augusta National (;olf(3ub and the President approved
the message to Dr: Alan Waterman.

l 0:00 A.M.
I calle(I hack (,eneral (;oodpaster and told him that the message was

O.K., that I would send a telegram directly from Augusta to I)r.

V'_tterman, and wcmld also senti him it copy on'the teletype so he could
get it immediately to l)r. Waterman.
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Document 1-13

Document tide: Brigadier General Bernard A. Schriever, USAF Commander, Western

Development Division, Air Research and Development Command, Memorandum for Lt.

General [Thomas] Power, "Air Frame Industries vs. Air Force ICBM Management,"

February 24, 1955.

Source: Professor Stephen Johnson, Department of Space Studies, University of North

Dakota, Grand Forks, North Dakota.

,4,_ its space e/]brts took shape in the late 195(1s, acce._s to EArth _rrbit and beyond/br the l ._nited States

came [h,n three lines of development. One was the work of Wer_her yon Braun and hi._ "rocket team"

working at the Army Ballistic Mi,_sile Agenc_ in Huntsville, Alabama. Another was the development,

under the manag_ement ff[" the Naval Re._ea_ch l,aboratorv, _?] the VanLn_ard booster desigvted specifi-

cally to la u tuh the first [ ,. S. scien t!fic _atellite. 77_e third _,a._ /he adaptation of vatJou._ Air l"mce bal-

listic missile_, imludi_L" the ThowDelta itttermediate rattLre balli_th mi.g.gile and the Atla_ attd Titan

intercontine_ttal balli._tic mis._iles (ICBMs), fin u.w a.s .space launchers.

In the mid-1950s, Air l'brre ICBM e[/brts wew managed b_' the I$_,stern Development Division o/the

Air He.search and l)evelopment Command; its comntande; was Brig. (;et_eral Bernard A. Schrievet;

who wa.s to becmne a strong advocate ¢_ the Air Fowe i_i a lead rob, jOt the natim_al space proL, tvtm.

Given the u_gent nature o/the ICBM prose-am, Schriever adopted itmovative managemettt approach

es, such a,_ concurrettt de_ elopment oJ various system elements. He at, so placed the Air l:on'e, and hi._

m_anization, in the role if/._:.stems manager/or I('BM developmetd e[/brts. 7"o as.gist the We.ster_

Devel_qnnettt l)ivi_imt aml Sch_Jever it_ this .system_ matmgement role, two individuaL,./tom l lu,dheg

Aitcrt{/l. Simon Ramo amt l)ealt V(ooldrid_e, ./brined the ICamo-i'$_mldridk_e Corporation (which even-

lually became 77¢W).

,'is lhi._ memorattdum ._ug_e,sl._, although there wa_ i_du._tr'_' resi.slance to thi.g _trm_g centralized .sys-

tem,s managemetd approach by a government agemy, Ihe :(ir I:orce pmz_ued such a_t approach with

_iL_n!ficant _succe._._. As the United ,grates organized it,_ civilim_ ._pace e[fi, rt in 1958, ._ub.seque_ttly, the

m'w Natimml Aeronautics atttt Space Admini.stration adopted element.g (?f the approach. In particu-

lar; the approach was important to the _uccess _( the Apollo prognam (.see l)ocltme_d.s 1-4 3 ttmmgh

L46). and several q/ those ._teeped in it (particularly Gemge Mueller aml Lt. Ge,teral Sam I'hillips)

we_r kO' Apollo program managers.

[all pages stamped "SE(;RET," crossed ou_; stumped "CONFII)FNTIAL," crossed out;

stamped "DOWN(;RAI)EI) AT 3 YEAR INI'ERVAI,S[. ] DE(;IASSIFIH) AVi'ER 12 YEARS.

D()D DIR 5200.10"]

[1] WESTERN DEVELOPMENT DIV[SI()N
HEADQUARTERS

AIR RESEARCtl AND DEVFI,OPMENT (:OMMAND

Pos! ()trice Box 262

Inglcwood, (:aliiorni_
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[stanlped 24 Feb 55]

MEMOKANDUM FOR LT (;ENEK_,I+ POWER

SUBJECT: Airfranle hidustries vs Air Force I(:BM Managenmnl

|.
hi the 8 Novenlber 1954 issue of Aviation Week, the following itcnl appeared--

"MISSILE PROBI,EMS

Aircraft industl T is growing increasingl), uneasy over recent trends in the busi-

ness pattern for new USAF ntissile developnlents. Aircraft hldustries rkssn. [AIAI

is considering a strong protest it> the Penlagon. Big battle ou upper Pentagon levi
els loonis now between the established missile contractors all([ the Johnnv-conie-
latelies in the fiekl." " '

[2] 3.

4+

131

hi tilt" last nlonth, I have tiad conversations with several people which lead hie to
believe that the AIA Ilia)' apply presstll+e top side against lilt! Air Force ICB_ lllali-

agenlenl approach. A straw in the wind was an invitation floln (ieneral Baker to

attend the AIA convention iii Phoenix tor the purpose of clarit}'ing any queslions
tile industry niight have. l declined tile invitation, bttt advised hint bv letter thai l

would gladly discuss tilt! Inalter Wiltl appropriale COllipany ofli{ials, if lhev
desh+ed, and a need-to-know existed.

To ttie above, can be added Frank (:ollbo|inl's letter and ttie knowledge thai his

views have been dissenlinated to a lnunl)er of I,L-\NI) personnel inchiding the
I_A_ND Board of Trustees. Also, there is definite evidence that these views have

been passed to sonic RAND visitors, who had no official conne(tion with the pit_-
gram. 1 also have good reason to believe that this niatter has been brought 1o the
altelltion ()tSOllle Inelllbers of (]()llglCSS, who | alll silre, have llOi heard the offi-
cial Air Force position.

Although to lily knowledge, the AIA has not Illade a specific counter-proposal, il
is fairly siinple to speculate on the nianagement approach they thvor It wouM cer-

tainly be in the pattern of the past Air Force missile devehlpnients, in which an

airfranle company is designated prime co,itractor, with complete weapon svslelll
resptmsibility. They are naturally motivated by sell:-interests, which I believe'to be
as follows:

a. Adherence to the prinie o0ntractor concept.

I). Avoidallce of strollg Air Force svslelll lllallagelllellt COlltro].

c. The Ranio-D,'ooldridge (]orpora'lion as p<)teniial colnpelilolS.

Adherence to the prinle COlltractor COllcept--

This concept has pernfitied a broad expansion bv the airframe industry lille

coinponent fiekt, stlch as electronics, proptlision, iilerlial _ilidance and (<;lilt-el
(aUlolnatic pilot), etc.

Xorlh :Sxnierican is perhaps the outstanding exanil)le of such post-war expan-
sion. AFR 70-9, recently published, clearly indicates i]lat the Air Force desires It)

reverse this trend with its inherent disadv_tntages which ,ue:

(I) narrowing the industrial base at the expense of existing conlponent
industries,

(9) large scale proselytizing of scientific and enghleering personnel,
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(3) second-rate competence of airfranw industI 7 in componem area.s--certain-

lv during the build-up stage and resulting program delay and higher cost.

'i'he ICBM management approach is based on using the most competent

component industries ill each of the major technical areas. This will eliminate

time-consuming build-up of staff and facilities and insure [sic] the broadesl and

inost competent base [_11 this complex program.

Awfidance of strong Air Force system management control--

While tilt" airframe industry otR'rs lip service to Air Force weapon systems

lllallagctnent control--pas! perlk)rmance clearly indicates that our managmnent

has nol been too effective. The pmieci otfice has been no match tor lhe power-

ful pressure that industry can, and has, exerted at political and high tnilitary h'v-

els. ,ks a resuh, industry has usually prevailed on major nlatters in their interest.

In the presenl management approach, a vel T high degree of authority has
been veswd in tile Commander, [_,'eslern l)evelopment l)ivision}, and flnongll

Ill{" services of Ramo-Wooldridgc, tilt' organization possesses a high degree {>t

teclmical competence for ,nanaging the program. This will permit the making of

hard decisions, based oua rationalization of technical and military factors.

I think it is clear to tilt' ahcra[i industn' that Otll organization has tile p<)telt-

tial of exercising vetw strong weapon systems management control, in the past,

the airct+ati industry, as prime contractm', hats usurped mr/oh of this control. This

has resuhed in tlle'expansion of airframe companies mentioned in a. above. For

example, in the NA_SM|O program, North American, ill addition to the airframe,

is buihling the rocket motor booster, the inertial navigation and guidance system

and most t)t + the electronic system. C()NVAIR, ill the ATLAS program[,l was

developing lhe radar tracker'and commtmicalions links--despite lilt" fact that

every review of the program by coml)eten! and objective scientists and engineers

con;luded that lhe CON\%IR approach was wrong and that their competence in

the electronic field was considerably beh)w lhal of a number of [irst-line elec-

Ironic companies. 'lhe history of N;)rthrolfS perto,mance in the SttARK pro-

gram tollows the same pattern.

The Ramo-Wooldridge Corporation as potential competitors--

It is only natural that industry does not welcome a COml)etitor with open

arms. In the+case of Ratno-Wooldridge, the feeling is perhaps stronger since they

have an outstanding reputation in science and industry. Many knowledgeabh"

individuals credit Dr. Ram(t and Wooldridge as the maj<)r factor in the rapid rise

t)t lhtghes Aircraft. ()f c()ursc, this is a point (m which tilt' industry (ann()t be

atrticltlale, bttl there carl be little dolll)l that they t-It) not relish Ramo-Wooldtidge

its ['tltllrt' colnpelitors.

The above lnotives of the aircrafl industry are ca,noutlaged by a nund)er of assof

lions [sic], which 1 have heard and will enumerate below.

a. The Air Force is building up Ramo-Wooldridge and this is un-American.

Discussions on this point take several forms and there is always the inference

that Ramo and Wooldridge, in leaving t lughes, were unethical and tberetore,

not descrying of Air Force support.
First+ in h,aving I iughes, and forming it new company, they followed at

time-wortl pattern in U.S. industry in which the airframe companies are per-

haps |tie leaders. Everyone in+aviation knows the history of Douglas,

Kindleherger, Bell and others and that most of our tna_ior companies were

t0rmed from a splinter of all existing company.
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[6]

[7]

h.

Furthermore, the airfranm indttstl T owes its existence and present aIflu-

ence to (;ovenunent supporl in contracts and Government fltrnished [acili-
ties. For example, the total North American Government-owned tacilities

alnotlttl to S61,684,722. An additi,mal $24,017,015 has heen approved hy the

Air Force fin +turther construction, of which approximately $19,000,000 is in

sttpport of tilt+ ATL&S program. Douglas Aircraft have [sic] $108,05(1.(10<)

worth of Government tacilities at their disposal, and Lockheed has

$22,000,000. As for the Ramo-Wooldridge Corp<n+ation, the Air Force has to

(late fttrnished them with an analogue computer lie summary, the assertion

that the Air Force is building up RamoAA'ooldridge and the'inti'rence that

they were unethical in leaving Hughes Aircraft is very much in the catego, T

of"the pot calling the kettle black." At,- Force acti<m in this case, is entirely in
keeping with past practices.

Perhaps the statement heard most often is that the ICBM system is teadv tor

production engineering and should be turned over to an {)Id-line conlpany
with a ft+ee hand technically, and the fimds t-eqtlired tO proceed.

The corollary ot +this statement is that Ramo and Wooktridge are scien-

tists, surrounding themselves with scientists, and are optinfizing to such an

extent that the. l)r¢)gram will he delayed for several ),ears.

The first stateltlellt is of course a mailer of judgment and while no <Hie

quarrels with the technical feasihilit> tl,e Air Force is conx4nced that the tech-

nical complexities and the advances of the 1CBM are each stthstantiallv g,eatel +

than past development projects. For example, the project has many Omspicu-

ous tirsts. No one had brought a w_hicle of anything approaching this size, to

a speed of 2(1,000 fi+et per sec<md. No one has controlled the vehwity, even
much more ¢rudely than this, at the ranges required. No one has made to fly

stably [sic], a vehicle which changes its "l)rinlarv autopilot" constants its it t]ies,

by virtue oF radical changes in weight, center o+f pressure and the like.

In this connection, it is also well to note tile position taken I)v Douglas

and North American in conversations with representatives of these ctmq)a-

hies late this summen Douglas indicated the ICBM was too big a hite to take

in one step and the development shouM be in series starting with the short
range ttallistic missile. North American indicated that they had constalltlv

maintained interest in tile hallistic missile bttt gave the impression that it was

rathe( +Ira ottt in the hlue, and the NA\%HO ramjet approach was the cor,ect

one and ,ntlch more realistic. [8] Aircraft industries' performance iu tilt" ntis-

sile field has also not been impressive. For exaniple, tile NAVAPtO pt-ogvam

has slipped a total of 8.3 years a,ld the SttARK and MAT, M)OR over ,t years.

All other missile programs haw: slipped vaD, ing amounts.

With respect to optimizati<m by Ramo4++_)oldridge, it should he noted

that the Strategic Missile Committee recommended that a comparative analy-

sis and technical study to be undertaken to establish a reoriented I(;BM pro-
gram. This was concurred in hy the Air Force Council. The anah, sis aud stttdv

had been tmderway for a number of lll¢:,llths and while tile objective has beei'l

to optimize, it is to optimize tile approach which will lead to tilt' ea,liest oper-
ational capability. _, str<mgly tk+el that this is being acc<mHtlished. One Out-

standing example of this being the reorientati,m of the configuration. Wc arc

certain that a three-engine configuration weighing slightly over 200,000 Ibs,

can do the job and will replace the CONVAIR five-engine 450,000 Ibs. con-

figuration. In this connection, (;ONV,-\IR, as late as early Septenthet, was rec-

onnnending that the Air Force approve the five-engine configuration a,l(t
launch into an all-out program <m this basis.
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(:. Finally, the assertion which I have heard a number of times is thai the present

managenlenl approach eliminates c()mpelilion. The thct is that the opposite

is true. \_k" are opening tip the program for c()mpetilion. The lop electronics

companies have been invited to comt)ele fi)r the development of the radar
tracker, and the same applies to the comlmter and inertial guidance system.

I.ikewise, in col!junction with the [Atomic Energg' Conmlission], we are giv-

ing consideration to the outstanding companies for development of the nose
cone. In other words, we are going to the industries where the greatest com-

petence exists [or each of the major components of the system. Compare this

with the approach taken bv the airflame companies in Itle development of
NAVAIt(), SH_MKK, and ATLAS. _¥s I have already poinled oul, in each

instance, they estahlished within their own company, (lepartmenls f()r devel-

opment of components, where component industries of great COml)etence

ah-eady exisled.

(:ON(:I,USIONS:

a. The airframe industries based on sell:interest apparently (lesire to upset the

present Air Force ICBM management approach.
b. They probal)ly t_lvor lhe prime contractor appr()ach along the pattern of

NAVAHO, SHARK, and (ATIAS, prior to the establishment of [the Western

Develol)ment Division]).

c. The comp(ment industries are not organized (m this matter but would probably

sul)port the Air Force managenlent approach once it is entirely clear to them.
d. The assertions made bv the airframe industries concerning the IWestern

Deveh)pment I)ivision]-Ramo-Wooldridge set u t) (h) nol bear u 1) tamer ch)se

inspeclion.
e. The Air Force managemenl appr(_ach is sound in thai it

(I) provides itle slrollgesl possible weapon system managenlent team, with

control remaining in lhe Air Force,
(2) insures [sic] that the most COlli|)etent coinponent industries particil)ale,

(3) is consistent with AFR 70-9, reversing the trend of airframe coml/any

expansion into component tields.
(4) has the support of the scientific (:ommtmity,
(5) is streamlined to permit crash operations and is most likely I<) convince

higher authority Ihat lhe Air Force is not I)Ursuing this prt)gram <m a
"husiness-as-ustud" basis.

7. RECOMMENI)AT1ONS:

a.

h.

That the Air Force remain firm on the ICBM management

that the Secretary's level tit' advised of certain informati(m contained in this

memorandum 1o oft:sel any I)ressure which the industry may I)ring to bear at

lhal h'vel.

BERNARD A. SCltRIEVER

Brigadier (;eneral, USAF
(:()nlniail(ter, _tVesteril 1)evelopnlelil

1)ivisi()n (AR1)(:)
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Document 1-14

Document tide: Brigadier General A.J. Goodpaster, "Memorandum of Conference With
the President, March 1O, 1958--10:20 AM," March 1l, 1958.

Source: Dwight D. Eisenhower Library, Abilene, Kansas.

As part ¢?]'organizing the government's _pa¢'e and missih_ prog+rams in the month._ [Dllowinq_ sputnik,

President Eisenhower, in the meeting recorded in this memorandum, look initial steps to beg,4n a siN-

n(ficant examination ¢?fsolid ]uels fin missile and @ace use and to eliminate overla[_ in the intome-

diate range ballistic missile (HU3M) pn_gram, th' a£o initiated consideration o[giving a .W,,_U/icaut

role in the @ace progwam to the yon Braun rocket team ba._ed in tIuntsviUe, ANhama. (;eorge B.

Kistiakmv._kv wouhl later replace]ames R. Killian, .]_:, as l:iw'nhmoer _ science advisor in.]uly 1959.

[stamped "UN(;1,,kSSIFII.;I)" over "SFX:RET," (lc(:lassilied May 5, 1987]
Ill

March l l, 1958

MEMOIL, kNDUM OF CONFEREN('E WITt I THE PRF_SII)F;NT
March 10, 1958--10:20 AM

()thcrs present: 1)r. Killian

1)r. Kisliakm_sky

(;choral (;o()(tpastrr

Dr. Killian spoke ti-om a memorandum, the original of which he handed t() the
President.

With regard to lhe proposal ti)r a well-conceived basic research etti)rt on solid pro-
pellanls, the President strongly stressed that an overall group, such as ARPA [Advanced

Rcsear¢h Projects Agency], should condu(t tiffs resear('h. ()lhrt=wise, it would be (lone in

bits and pieces. In fact, he thought that all research on fuels should be kept centralized,

avoiding the Wasles (>f duplicating elIorl. Dr. Kistiakmvskv reported that there has really
been very little suf)port for, or interest in, a solid propellan'l (teveh)p-ment program. There
have been many starts and SlOt)S, an(l the eftort that has bccn devoted to these thels has

t)ecn vei T sinall, hi the interest o| ec<)iiotliv of effort all(l continuity, tie wottld agree with
litilling ill(" prograni into AREA. The Pri'si(lenl Stlggested thai ii lnight even t)e l)ui in lilt"
civil agelic.v liow Illl(tel consideration+

Dr. Killian stressed the nee(t fi)r a review t)v the Presidcnl of proposals for "secon(t
gen<.'ration" nlissiles. Tim Prcsi(l(-nt slrongly agrt{e(I and asked Ihal necessluy (Ihectivcs I)c
devehipc(I.

The Presi(lent tinlher agrec(t with the recoiiinieli(tliliOli for it progrlun el ililpr()vc-
iilelll on Ih(' TH-\N inissiie, add f()r f)hashig ()ill the ATI.AS as s()Oll iis COliSiSleiil with all
a(lequale tale of 1)uil(lup of lolal missile tOl+CeS.

The President said that tie conceived <)f tim niissile aciiviiv iis sct)arate and distincl
troiil IrliditiOllltl air, groiili(t, add sea operalions. Ho W<)lll(l a(+cc+.i)tthe h)gi( <)f it decision
I)y the I)cpartnieni of Defense i() assign a sul)lnarine-t)itse(l lnissih, such its POI+4RIS to ihc

Nax_,, btil tie saw i1() le+tSOll f()r Ihc Air Force oi t_)r lhe AI'IIIV ll) lrv I() plecnipl the tiehl.
hislea(t, lit" w<iuld incline towar(t ii sii+lgie missile COllllllaii(l. Spccill(itlly, he agreed ihlit we
slmul(l nol i+llsh ililo the l)rop()se(l I2] _liiitlleiilali |)re,rain; he askc(t thai there bc il()
ai)t)rova] a]Oll_ these lines until the lllaller ha(l breii llitlch illOlC cluctullv (onsi(tcre(t,
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and prcsented to him. Dr. Killian repeated his recommendation that Defense should not

produce both THOR and JUPITER. The President said that so far as he is concerned

there is m) problem with dropping either ()f these. He asked what could be done with the
team at Huntsville, which he underslood was a group of ouLstanding ability. Dn Killian

said that they are working on the I'ERSI{IN(; missile family. He also said that this grt)up

is well suited' to conducting space program activities, either under ARPA or NASA.

The President asked why Drs. Killian and Kistiakowsky thought that the TI t()R was a

bell(.'r missile than the JUPITER. Dr. Kisliakt)wskv said it is not better, but simply nearer to

quantity production. He feels that the shift to industrial producers t)f the JUI)ITER

(Ctuwsler, Ford hl.strument, and (;oodyear) would delay its availability. The President said
ll_at he would agree to closing ()ut the JUPITER, but thought the Huntsville force shottld

be promoted to space and similar activities. I le thought consideration shot, ld t)e given to

taking them out of their present assignment and assigning them to ARPA, or even lo
NASA. l)r. Kistiakowsky commented that the t'ERSttlN(; is an excellmlt approach, and the

President said that the ltuntsville grou l) coul(1 w()rk on ilia! project too.

Thc l'resid(mt asked 1)1. Killian to prepare for him a serics of decisions very tightly

drafted and very positive in tenor to accomplish what had been recommended, lie said

he slrongly agreed with the basic proposal It) obtain centralized direction and lhottght this

should be done soon.
Dr. Killian asked whether he should ask the Secretary of Defense to carry out studies

to give ettk'ct to the proposals. The President said this would be all right, 1)ut that we
should make clear what the scienlific conchtsions and recommendations are. Dr. Killian

said he was prepared m do this.

A:]. (;oodt)aster
Brigadier (;choral, USA

Document 1-15

Document rifle: Hugh L. Dryden, Deputy Administrator, NASA, Memorandum for the
President, "Use of Solid Propellants in U.S. Space Program," April 7, 1961.

Source: Documentary History Collection, Space Policy Institute, George Washington

University, Washington, D.C.

Solid rocket motors had a place in the devdopment _/the __.,_.space program fiom the very beg'inni_l K,

although the_' tended to find more fiamr within the Department qf Dc/i'nse than within NASA. 7"hi_
memomndu_n summarizes fi_r President Kennedy the state o[the use _/_Mid rocket motors i*_ the U.S.

_pace p,og, ram thwe months after Kennedy as.,umed _[fice and just amm, th and a ha(/bq/bre he made

hi._ &,cisive ._peech lw/bre Co,qgre._s calling for landing a human on the Abum within the &ca&.
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[1]
NATIONAl, AERONAUTICS

AND SPACE ADMINISTRATION

OFFICE OF TI IE AI)MINISTRAT()R

1521) H STREET NORTHWEST

WASHIN(;TON 25, D.C.

MEMORANI)UM FOR THE PRESII)ENT

April 7, 1961

Sut)jecl: Use of Solid Propellants in U.S. Space Prograni

Solid propellant rockets have been used in the U.S. space program from its very

beginning. Explorer 1 used a liquid flmled rocket for the tirsl booster stage, but the thre_,

upper stages were made up of chtsters of solid propellant rockets. Alflmugh the pertof

mance of solid propellants is somewhat inferior m that of liquid propellants, the simplic-
ilv o1 solid rockets makes their use extremely attractive. When NASA was established in

October of 1958 a project was slatted It) develop a space vehicle capable of placing

151) pounds in a 300-mile orbit about the earth based completely on the use of solid pro-
pellant rockets. At+ attempt was made to use the Polaris as the first-stage booster but at the
time the Nax T could not lllake this rocket available. As a substitute Olle of the rockets

which had been used in the development of Polaris was seh'cted. This vehicle now sup-
ports an important part of our space program, and is called "Scout."

The extension of the use of solid propelhmts to larger vehiclcs has been carefully stud-

ted. Even in the size used for the first stage of Scout it is necessary to transport tht+ fully

loaded stage ;is a unit by means of a special traih!r accompanying _mch booster, provide0
with an electric heating blanket 1o maintain the temperature of the booster within certain

limits. Until vmy recently the necessity <)f transporting tile completely loaded stage as a

unit has seethed to present rather f_)rtnidat)le difficulties for still larger stages. It has

[2] been proposed in at least one instance I<) manuthclure the st)lid propellant at the

launch site and to load lhe vehicle in place. This seems to be a rather impractical proposal
to most of us. The recent development of segmented solid propellant rockets, i.e., those
which are made ill a tltlmber of separate pieces which can be bohed or otherwise taslened

together al the latmch site+ seetns Io offer a way of overconting these logistic difficuhies.

NASA has supported <me group in development'al testing of this segmented approach and

the Departmenl of l)elimse has supported still another approach of the same general

character. Another proposed solution is to cluster a number of smaller solid propellant
rockets in the same t_tsttion as liquid propellant rockets are chtstered in the Saturn bot)st-

er. ht its planning NASA has studied the desirability of proceeding to an all-solid prt)pcl-

lant space vehicle of largt,r size than the Scout, to t_ltimatelv rel)lace those space vehich,s
t)ased on the Thor I)<)ostet, whose tnanutaclure will ttltitnattqv be discontinued.

Becattse ot+ditl_q-ing technical characteristics of liquid prt)pellant and solid propellant

hot)stets, there is mttch conft,sion about tilt' proper basis tot comparison of their perfor-

ntance. It) fact such cotnparisons can be based soundly only on detaile(l computations ol +
the pertorntance in specitic missi<ms. The princil)al (till+ere'ltces arise in the rate of l)tlrll-

ing of the fuel, a,td the tnethod of control of burning time and direction of thrust. In gen-

eral solid propellants Imrn tnore ral)idly and titus provide a larger thrt,st thai_ a liquid
fueh'd rocket containing a sitnilar antotmt <)f fuel. | lowever the thrusl rating is not a me;-

st|re ot +the ett>ctiveness of the rotkel ill placing weight into ort)it. The signilicant quanti-

ty is the total impulse+ or approximately tilt+ prothlcl of the lhrusl by the tinle t)f lmrning.
The solid propellant rocket accomplishes its .job by at large thins{ with a short time of
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buxning and tile liquid propellant rocket accontplishes the same job with a snlaller thrust

and a hmger burning time. One resuh of this is tllat Ihe solid propelhmt rocket usually

gives a higher acceleration, which is partly beneficial and partly detrimental. The benefi-
cial result is to reduce sonlewhat the penalties of atmospheric drag in tilt: lower atmos-

phere; tile detrimental ettect is to impose higher accelerations on tile apparatus and

equipment which is carried.
[3] Ill tilt' application to lnallned space tlight, it will be necessal 7 to careihlly control the

nlaximtun accelerations inlposed on tile man. Further it will he necessal 7 to study very care-

lulh' whether there are practical methods of forecasting inlpending diWtcuhies with solid

propellant rockets in time to enable a man to escape, if tile booster is detix:tive, ltowever,
at the present time, the thlly developed solid propellant rockets are more reliable in per-

li_tlllallce Ihatl liquid theled rockets, and many of their thilures are non-_atastrophic.

The number of firings required tbr the developnlent of a solid propellant rocket is a

matter of some controversy between experts. Some information is available [rom tile expe-
rience with Polaris, and more will be available from the Minuteman program when many

more firings have been nlade. Experience with the development of sounding rockets and

with tile development of the Scout components does not give rcltLch ground tor such opti-

mism as is expressed by estimates that a mere tell to fifteen firings will be suflh:ient.

Currently proposals are being made to move immediately from solid prol_ellant rock-
ets in tile sizes now available to much larger rockets or to clusters of rockets to duplicate

tile performance of Saturn. Claims are made that this call be done in much shorter time,
but analysis shows that tile conlparisons are made bep, veen the first firings of at first-stage

hooster mM the use of a developed multi-stage space vehicle. There is no question that a

structure could he built to hold a ntunber of existing solid propellant rockets in a cluster

within about eighteen months. In lact tile Saturn is nothing htlt a cluster of eight existing

liquid [heled engines. This tirst stage has been built and static-tested within less than two
vears and tile first thing of this chlster as a thst stage will he done during ill(, current year.

:I'his firing of the Saturn cluster t)_ r _() 1_¢'al_s constitutes a useful space vehicle, nor will a
nlere cluster of solid propellant rocketsl It is necessal y to develop a complete multi-stage

vehicle with its guidance and control systems. The development of even the simplest

nluhi-stage space vehicle assembled from existing components has invmiably taken an

additional eighteen to twenty-four months, anti sonle of these assemblies have never been
successftLlh' fired. Because of the wuiability ill pertornlance of solid propellants, it is nec-

essary to pl-ovide in the first stag(" solid propellant booster means tot control of tile direc-

tion of thrttsl arid of tile burning time.

[4] hi the present U.S. space program, approximately one-third of the total funds arc

being expended ill the development of larger vehicles than now availat_le. Tile initiation

of a hugc hooster project using solid l)ropellants wouhl add anollter $5(1(t million or so in

the vehicle area to provide a complete multi-stage space vehicle. There is no reason to sug-

gest that such a development could be completed prior to tile Saturn development.

Hugh L. DD'den

Deputy Administrator
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Document 1-16

Document title: NASA, News Release, "Mercury Redstone Booster Development Test,"
Release No. 61-57, March 22, 1961.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

7he second _uborhital Melrur_'/lCed_tone (MR-2) test /li_(ht, laum'hed on ]anuar), 71, 196 I, carried

the chimpanzee tlam /urther _lownrange il_to the Atla_tic Ocean than had heen idanned, and it sub-

jected the ape to ve O, high gravi&, loads. II,7_ile an astronaut wouht have sum,ived theJl_ght, he wmdd

have been quite um:om/brtable. 7"he deTwh_pel:_ of the l_edstone at the Marshall Space fliffht Centel;

Wernher yon Braun and his associates, quickl_ idenltJied the cause q[ the /l_ffht anomaly as a valve

that stuck i_ the open position, and the_, pmp(_sed a _imple n'med_,. The Mar_hall team )_r_isted that

a_ to/planned teet/light be insoted i,lthe I'rofl,ct Mercu_'_ .whet[Me to test the fix. 771is meant that

the /ir_t ._uhorhital./ligrht by a I /.S. aslro_mut wa_ slip/wr)m_iX a,eeh._. I_ the intm4m, )"uri (;a_aril_
became the fir_t h u man to go into .space.

[ii
NEWS REI J'L\SE

NATIONAI+ AE RONAUTI( :S AN l) SI'A( ;E ADM l N ISTRAT1 () N

1520 I I Sm'et, Nouthwcsl, _$'ashinglon <25, I).(:.

FOR REI3_:ASE: IMMI':I)IATE

March 22, 1961

Release No. 61-57

Mercury Redstone Booster Development Test

A special devch)plnen! flight test (:,f a Mercur'_-Redst<,nc launch vchiclc, will be con-
ducted from (:ap<" Canaveral, Florida, in the next Jew days.

The purl)ose of the tes( will be to provide engineers of the National Aeronautics and

Spacc Administrati<m vdth additional pcriormance dala on the Rcdstonc vehicle which

will lift ihc ,_sironaut-carrving Project Mer(ury spacecrafl on short suborbital training
/lights down the Atlantic Missile Ra'nge.

The UlXoming tlight will be devoted exclusively to proving the modificalions which

have been incorporated in Om zockcl svS|Clll _tS i{ result of earlier Merctlrv-Rcdsit)nc

tlights. If the tlight goes as planned, Ihe'Rcdstone, carrying a thll scale I)oihlrplalc--or
dUtlllny--l_lCl'Ctll'y t:r;lti will reach a peak allittldc of abolll 100 (slallltC) mih's alld land
aboul 300 miles down rangc.

In this icsi, the dunnny _lcrctli_<' craft will not be scparalcd fioin Ihc Rcdstone latliich

vehicle. No l'eCOVel)' of cilller iht i spacecraft or lhe ]allll('h vehicle is planncd. Thc
Mcrclll}' crafl will ilOt COiltaiii ally operalilig syslciils or ilislrilincillalion and has been
induded in lhc lest to provide only lhc proper weight and acqodvnaniic l.iclors fl)r file

flighi. The Merctlry escape rocket win be ilierl and nol (apal)lc of rt"nioviiig lhc craft |roin
IIIc latllich vchiclc in cast: (if Illaiftlllclioll.

I21 Two Rcdslonc launch vehich, s have been flown in earlier Mercury Icsls. Thc first Sllt-
ccssfully launched a heavily ilisiriillielilcd produciion Mcrcill T spacet"raii on a suborbilal
tlight io vcrit_' ihc opcraliOll of lhc Mcrclii-v svslcnis ill ihc space enxirolillicnl. (:ondliCled

()11 I)c('clI/|)cr 19, 19(i0, this lcsl wits lCl'lllcd Jill unqualilied SIlC('CSS wilh rcgill'd I() Ihe OVCl-

all Mercur), inission.
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()n .]a nlavy 31, 1961, a second Mercury-Redstone combination was tlown. The

.Mercury spacecraft carried a chimpanzee to check out the Mercury life sttpporl system in

flight.
In thai tlight (MR-2), It-st resuhs indicated the Redstone engine ran with the throttle

literally "wide open." As a resuh liquid oxygen was consumed al a higher rate lhal]

planned causing the engine to cut-off sooner than planned. The Mercury automatic ahort

sensing system (ASIS) properly activated the spacecraft's emergency t scape systcnt to pull

the i-l-aft away fronl the launch vehicle. Firing lhe escape rocket added still further to the

aheadv greater range and altitude of the flight path.
"Hant," the animal passenger on the MR-2 tlight, was recovered unharnled. The tlight

provided vital data on the pert_+rmance of the animal and the operation of the Mercury

spacecraft operating systems.
Analysis of previous Mercuvv-Redstone flights has revealed a control system vibration

problem related to the greater length and ahered mass distribution ot the rocket.

Corrective steps have heen taken to prevent reaction of the auitude control vanes to vehi-

cle hi>dr oscillations.
In the Redstonc to bc used in this test, an electrical fiher has been installed in the

altitude control system to damp oul undesirahle signals. In addition, a thick, vii)ration-

reducing undercl_ating has bcen applied to the inner skin of lhe upper part of the instru-

lilt'lit t't)lllpal'|IIlelll of the Rcdslone.

[3] The Redstone l,aunch Vehicle

"File Redsmne launch vehicle used in the Proiecl Mercury llighl program is 83 feel

long, including the spacecraft and escape tower. This is con|pared Io 69 |eel tt)r the stan-
dard earlier Redstone rockets. The vehicle is 70 inches in diameter and liftoff weight is

66,000 pounds including the spacecraft.
The hasic Redstone rocket has been modified tOf the Mercury mission. Moditications

include:

1. Ehmgation of the tank setlion by about six feet to increase fuel and liquid oxygen

capacity. The added fuel iIlcleases burning lime hv about 20 seconds. Tile Redstone was
similarly elongated for its lole ill the launching of early Explorer satellites. That earlier

version was known as tlle,]ul)iter C.
'_ The North American Rockcldyne engine to be used in this flight is of title latest

Redstone design (A-7), modified for this application. Using alcohol and liquid oxygen

the thrust level of the engine in this launching will be 7g,000 pounds. Modifications have

heen incorporated in the engine system to provide fi)r the extra long httrning time and

for improvements in the peroxide system which drives the fuel and liquid oxygen pumps,

and provides tllrust control.
3. The Mercuvv-Redst()ne, as coral)areal tt) the earlier standard Redstone, has a less

COlnplex control sysiem which is designed for simpler and more reliable operation. The
s'¢steltl tlses ,Ill autopih_t in col_junction with call)onjel vanes ill the exhaust of the pro[)lll-

s:Lml unit and ;lit rudders to maintain proper tligh! auitude.

4. An auton_atic ;.ibort sensing alld implementation s'¢stem has also been l)uill ill 1¢)

tilt" Redstone for tile Mercu D' mission. It is ;.tit electronic system which serxes to give an

advance Wal'llillg Ill" a possihle iml)ending launch vehicle nlalftmclion. In the evelll all V

one of several deviations from planned launch vehicle perlormance O('CtlI'S, the system

gives an electric signal which terminates the launch vehicle thrust, sepalales tile spacecraft
from the launch vehicle, and activates the spacecraft's escape rocket to propel the craft a

safe distance away within ahollt (}lie secolld.
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[4] The abort system senses and is activated by such conditions as unacceptal_le deviations

in the programmed attitude, excessive lurning rates, loss of thrust, critical irregularities in
thrust in lhc engine, ()r loss of electrical l)()wcr

In the MR-BI) flight, the antomati( abort sensing and implenmntation system will be

tlying "open tO<)l)." It will observe all ot + the fim(:tions and report its findings through
telemetry but will llOl be capable ()f+initiating the Merctua,: escat)e sv+,;letl|.

Instruments installed in the Redstonc launch vehicl(, will teh_metcr about 65 mea-

smements surveying all aspects of the rocket l)ehavior during the flight such as allittide,

vibrations, accelerations, temperature, pressure and thrust level. Several tracking signals
will also be telelnetered l)v lhe vehich,.

Document 1-17

Document tide: Assistant Deputy Chief of Staff, Development, U.S. Air Force, to AFCCS,
"Convair Analysis of Atlas Booster Space Launches," with attached: J.V. Naish to Dr. T.

Keith Glennan, Administrator, NASA, December 21, 1960, and A.D. Mardel, Senior Flight
Test Group Engineer, Convair Astronautics, General Dynamics Corporation, to
Distribution, "Short Summary of Atlas Space Boosters," EM-1691, December 17, 1960.

Source: Library of Congress, Washington, DC.

7'he Atlas ICBM wa,_"modified to ,w,rve a,_a hturuh vehich, /or a t+umber q/e<uly .qm<e missio_. Al<+nv

°] thow mi.s:sion._ expetie, ced ve D, vMtdc/rtihm,,+ d+u,mg, the lau,ch phase. Tlu'+e /hihu_,s we)+,o/<¥ai-
ctq+tt1o _\_,SA Admini,_tmtor 7_ Keith (;lennan, hecau.w, the_' ra._t public doubt o_ the ability qfA'A,S]a,

to carrx' out its mi_im_ ._ucr'_,y/itlly and because the Atlas w-as scheduled to be the lau,ch vd_icleJbr the
.fit:_t ( ;.S. huma)t ,qmce/hf, rht el]re+t, I%jec! Mercury. 7he Atlas was manufactured &, the Corn,air

l)ivi._ion Of General l)_,amic._. In the attached lettei; Convair president.]. I,: NaL_h attempts to assu_,

(lien,an that the basic Atla_ booster was _liah& et_ougrh to t_e tout+ted o, as a space missio,_ lau,r'he_:

[stamped "SE(]RE'I'." declassilicd l)ecembev 12, 19801

I)EI_ARTMENT ()F THE AIR FORCE

[tEAl)QUARTERS UNITED STATES AIR FORCE

WASt[IN(;T()N 25, D.C.

REPI+"," T()

ATTN ()F:

SUI_IECT: (;mwair Analysis of Atlas Bo<)sler Space I+aunclms

TO: AF(:(:S

I. The attached copy of a letter and inch_sure [sic] from Mr. J.\,\ Naish, President of

(kmvair l)ivisiotl of(;etmral [)ynamics ('.orpot+ation, to I)c Keith (;h,nn:m is forw;ndcd :is

an item <>f interest to "+r()l+lit+ conjtu+ction with lhe report on N:XSA/Air Force space F,rO-
ject relations recently provided to you.

2. l consider lhe Icttm a very candid apt)roach , will1 valM reasoning, as well as an under-

standabh+ rca<:li,:)n (:,l] the part o[ (]onvair. The stmHn;nW ot + thc Atlas I)t),i:,Slel" space

lmmchcs has been reviewed and the inlormatiou is factual ii; content and void of any bias
Oil the [),tl+t o[" the (+()lltl-;I.(IoF.
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VI(71'OR R. [signature illegible]

Major General, USAF

Asst Deputy Chief of Stall,

Development

1 Alch--l.tr frmn Mr.J.V. Naish
w/Atch EM-1691

THIS D()(;UMENT STANDING ALONE IS UNCLASSIFIED.

Ill 9Dccmnber, 1, 1960

Dr. T. Keith (;lennan

Administrator

National Aeronautics and Space Admiuistration

1_.0 H Street, N.W.

Washingum 25, D.C.

Dear Keith:

During our recent evening in Washington I was partk tdarly concerned about the impres-

sions you had regarding the specitic reliability of Atlas as the booster tot space vehicles.
,_s soon as I returned, therefore, I had the attached analysis prepmed, which examines the

detail situation of tim Atlas pertonnance in its use to date as a space booster. In general, it
shows that tim Atlas ha.s been used as a space booster in ten attempts so t:ar and that in only

one of these ten ha_s the Atlas tailed insofar as mission pertormance is concerned, and that t!ail-

ure was during a static test of Missile 9C, the tiL'st Arias-Able. In the other nine operations Atlas

has pertonned successlhlly _Lstar _s its mission is concerned or a tailure has occurred which

detinitely cannot be isolated but is peculiar to actions of the upper stage on top of the Atlas.
Since in a number of these cases, however, the immediately ol)vious resuh of the flight

attelnt)t is a spectacttlar explosion of the I)ooster stage, it is frequentl,v reported in the

itmnediate press reaction as an Atlas explosion. Although this is true it is also true that

this is a secondary reaction.
I am sending this material because we both know that Atlas has been programmed fin

a booster tor a number of NASA and Air Force space programs and that it is important for

public confidence in ttlese programs that the Atlas pertormance be accurately staled in

pul)lic discussi(ms by all the people concerned in these programs. In fact, in the last two
weeks we have had several calls from the press in which they mistakenly [2] ascribed fail-

ures in programs to the Atlas because, as stated above, the end results of failures were gen-

erally explosions in the booster stage.
I certainly share with you not only the disal)poinmlent in program failures, but I fully

agree that each of us as ill_..|llt)elS of the team cannot find solace because the responsibility
o1" any t_dlure is attributable to any other member of the tealn. V_c at Convair will do eyeD'-

thing l)ossible I() achieve the team success which the urgency of these programs demands.

Sincerely,

j.v. Naish

cc - l+t (;en B.A. Schriever

@g*@**@g@g
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[i]
CONVAIR ASTRONAUTICS

(,ENEtLM, DYNAMICS CORPORATI()N

To: l)istribution

(;OPt' No. 5

E M-1691

17 December 1960

From: A.D. Mardel

Subject: Short Srmtnlar T of Atlas Space Boosters

Ten Atlas missiles have been used as space 1)oosters to date:

Mission Failure

Missile No. Brief Comment Responsibility
SCORE ItIB Completely satisfactory. None

Mercu W 10I) Atlas fhiled to stage. None

Atlas-At)le 9(: Bad plumt)ing, Alias blew on FRK Atlas*

Arias-Able 201) Upper stages li'll off at 47 seconds. Upper stage

MIDAS 291) Incident during Agena separation. L'pper stage
MII)AS 45D (_ompletely satis[;t(t()ry. None
Mercury 501) Incident at 57 seconds.

Atlas-Able 80I) Incident during Able separation. Upper stage

SAMOS 57D Atlas autopilot only, Agena lost control gas. Upper stage
Atlas-Able 911) Incident at 66 seconds.

*Not a flight, I)ut a ground firing.

The purpose of this memo is to summarize the performance of each of the ten boosters.

Missile 10B

Missile 10B was launched from Complex 11 at AMR [Atlantic Missile Range] on

18 Decelnber 1958. The entire missile, minus the booster section, was placed into an orl)it

around the earth in fulfillment of its primary objective. The missile carried two Signal
Corps packages for transmission of voice and teletype messages to and from the satellite.
The capability of this eqtripment was successfirllv demonstrated.

Only one problem was evident during the tl{ght. Tracking data indicated an excessive

azimuth error during /he seltZguided phase of tlight. An 11 ° roll error was established

prior to 23 seconds. Despite the azimuth error, the guidance system satistactorih,

provided the proper steering commands to place the missile on the c()rrect azimulh. The

cause of diflicuhy was attributed to a misalignment of the gs'ro canister ira roll by 11
degrees.

Reterences: Convair Reports ZC-7-208 and AE60-0103

Missile 29D

Missile 29D was launched from Complex 14 at AMR on 28 Februats, 1960. This was

the first Athts missile designated lo support Ihe MIDAS Project. Perfimnance of the Atlas

vehicle was completely satisfactory during powered phase. Shortly 12] after vernier cutoff,
a guidance discrete command was sent to separate the satellite vehicle. An incident

occurred shortly after firing of the retrorockets which affected both the booster- and satel-

lite vehicles. The primal T objective of placing a MIDAS satellite, carrying an infrared
detection payh)ad, into a circular orbit of 300 statute-miles ahitttde was t{()t achieved.
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The incident resulted in loss of Atlas Iox [liquid oxygen] tank suuctuval integrity and

indetermitmle damage to the satellite vehicle (satellite telemetry lost at the time of the
incident). The final 1.ockheed vepott advanced the following theories:

a. Explosion o] ol'le or store Fettorockels located in the l,<>ckheed adapter, starting
a chain of events leading to Atlas Iox tank rupture.

b. Explosion of the Agena (tesllU(l (]lltt'ge, thereby rupturing the Atlas Iox tank.

c. Explosion of the Alias Iox lank for unknown reasons.
lhe MII)AS Joiltl Flight Test Working Group Report slates that tile most ptobable

cause of the incident was either inadvertent activation of the satellite premature separa-

tiotl destruct charge civctLitrv ova random faihtve of the satellite high pressure gas spheres

which resulted in a hypergolic explosion <)l the satellite propellants.
()tl the next MII)AS flight, Missile ,t5D, l:)ckheed made many chatlges to their vehi-

cle such its rewiring of electrical e<lui[mlent and disabling of Ihe Agena l)vcmalure sepa-
ration destruct system. No changes we)e made to the Atlas, and the flight was a complete

success; thevel'ot;e it is inlk'vvcd tim) the cause of difficuhy o)1 the 29D tlight was an iuad-

vcvtcttt activation of the Agena {leslFllct sysleIl].

References: Convair Report AZ( ;-27-118

l,ockheed Reports 1.MS1)-445912-08 and LMSD-445962-1

Missile 45D
Missile 45D was launched from Complex 14 at AMR on 2,t May 1960. The l)rimary

<)l_jective of this tlighl was to [)lace a MIDAS satellite in a circular ()tbit, apl)X()ximately
261 itauti(al miles from earth, cavvying art infrared detection l)ayh)ad. This ot_jcctive was

[ulls satislied. Fhc o))cvati()ll ()f the Atlas b()ostc,-was c()mplctely slttisl]tct()vy.

Rcl;cvcnces: Convair Rcp<)tl AE(i0-0320, l,<)ckhced Rel)<)vt I,MSI)-445 (-)I2-07

Missile 57D
Missile 57D was lalmched from Pa<t 1 at I)MR [Pacific Missile Range] on 11 ()ctot)ev

1960. The primat T objective o[ this flight was to place a SAMOS satellite ill a circular orbit,

approximately 261 nautical ruth's from earth. This objective was not satisfied [3] t}e('ause

ot damage to the satellite vehicle at littoll when an umbilical [ailed to release satisfactorily.

The ()pevation ol the Atlas booster was satislactoty in acc<)ml>lishitlg its mission,

desl)ite a guidance system faihue. Complete loss of the guidance track sul)systenl (hn-ing
t)ooster stage pveven'ted the generation of any cominands, solely bv the pre-l)v()grammed

[light control system. The guidance toss resuhed from a failure ()[ the airborne pulse bea-
con or decoder or its associated waveguide. The exact cause FCII|aivIs 1.tllkl]owll becattse llO

guidance svsteul measutcments wete telemetered on this flight.
At lift_>t]" the nitv()gcn control gas fitting in the Agena was broken off, causing contr<)l

gas c()nq)letion shortly after laun(h. Also, damage is believed to have o('cltrved to the heli-
um system. Tile lack ()t c(>ntv()l gas t)te'¢ellled stabilization of lhc Agena satellite. During

cngi,w I)utt6ng. tilt' lhvusl was n()t clew'loped ah)ng the t]igh[ path and the satellite tailed

I() ()vt)i[. Etlgiule I)('rl()vmalt(c was slightly sul)ii<)minal due to low h('lium t)vcssuv('.

Rcfi:rcnces: Conwtir Rcl><)vt AE(i0-0749, l:)ckhccd R(,p()rt LMSD:14591(,)-I

Missile 10D
Missile 10D was launched from Complex 14 at AMR on 9 Scptemt)cr 1959. This wits

the litst missile designated to support the Mercu_' Project. All tlight objectives wevc not
satisfied because the t)ooster section failed to jettison 3 seconds after cutoff as plannc(l.

Because o[ the added wright of the booster section, filel depletion occtn-rcd t>ef<)re the

sttstaitlet ('llt()['t (tis('vetc was tt-ansmittc(l. ,¥s a restLh, tire sustaincv fuel and lox valves
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remained <)pen, and residual thrust was indicated. This rcsidual thrusl prevented a nor-

real capsule separation, with continuous ov almost colltinuous coupling of the capsule
and tank section indicated out [o approximately 83 seconds after rctrorocket |ire. The
capsule was recovered in a satisfactory conditiotll

The strongest possibility tbv the t_lilure was that the electrical signal did not rcach the

squibs of the Conax wdves. The plug comlccting the (;ollax valve wiring to the wires from
the programmer was vch)cated and yew|red lo in<vc_tsc accessibility. This task was accom-

plished by 33.;A [_lk:nnessee Valley Authority] at AMR. Continuity diecks made at tile plug

during preflight lesting verificd ihai the wiring was iniact; ht>w+_;vcr, it is possible that ihe
wires were connecied io the improper con[_l(ls wheli |lit! ])]llg W_IS IHovcd and thai the
cotllinttiiy checks were also made <m the wrong coniacls.

RelT:lences: Convair Rcports AZC-27-077 and AE60-0103

NASA _%rkislg Paper No. 107

Missile 50D

Missile 50D was launched from Coniplex 14 at AMR ou 29 Iuly 1960. This was the sec-

ond missile designated it> suppori the Mercttrv Prqiect ;rod ttlt: first to boost a McDonnell

capstllc. Perfi>rmalwe <if lhc Atlas be<islet was completely [4] salislaciorv until 57.6(t set'-

ends. At this lime ;m incident occurred which cttlminatcd ill loss of" telemetry and des|ruc-
tion of the Atlas bo_>stcr :il .)8.,),) seconds.

At 57.60 seconds an iuipttlsc dislurbailce was registered bv thc lnissilc axial accelcrom-

eter and the capsule high range longitudinal accclcromcter( The data indicates that the

capsule accelerated at approximately 22 g's while the missile was decelerated ai approxi-
nialely 2 g's. Available data does not permit detailed deiernlitlaiion of the cause of flighl
t{tihlre; however, ;t logical cxplanalion tot tile st'qllence o[ e'tCIllS is ihai slatic or dvllalnic

loads were ililroduced iillo, and cailsed rtlplilre of, lhe tbrwaid portion o| the loxiank.

All evidence illdicalcs lhat lhe capsule survived the disturbance wilhoui dalnagc but
was [hell destroyed ripen illlpacl wilh tilt- surt_ice of walel.

Re|_:rences: Convair Reporl AE60-0+_,23, NASA Working Paper No. 159

Missile 9(;

Missile 9(;, assigned as the first stage of the tt)ul-stagt, Atlas-Able IV l+uilar Salellite

Project, was deslrove<l by fire and explosion during ;i flight readiness th-iiig oil
tv.t

24 Septcinber 1.b.), at Ct>niph!x 12 at AMR.

The hiss of the uiissile |ollowed a prenlaturc CllIO|] o[ the engines al 2.1 sec<inds. The
cutoff was preceded by an tililoading of i]le SllSli4illel fiiel punlp aild Sllbscqllelll ItlrliillC

overspeed, tbllowed by rupltlrt- o| file SllSiainer lox punip low prcSsllre sVSlClil. Liquid oxy-

gen eillcring the engillc colnpartnlenl siaricd a fire o| such iliiciisity'lhal IlOrllial fire'x

[,tcililics wcYc incapable o| exiinguishing tile flanie.

11 was delerlnined thai SUSlainer fuel pillli[) cavitalion was caused bv cnlraiillileill of.
]ieliuni in lhc |ucl flowing Io lhc puinp. Tile hcliuln enlercd the SvSleln _v]lcil the vcrllici

fuel lank vcnlcd inlo the inaiil nlissilc lank in lilt" vicinilv o1 lh;" SUSlailier fiiel ouliel.

hnproper insiallalioil of ihc velii line to a porl I)clow iiw t)itlth, was a resu]l o[ poor eilgi-
licering.iUdglnenl. This inodi|lcalion (,'5-seeoild tanks) was unique Io 9C iii ihe (; Series.
A similar niodi|]calion perlornied earlier on Missiles 10B and 13tl resulted in satislaclor_,,

perlbrnialiCe. The cxlcnsion o[ the inodificaliOli to 9(] was unsatisl{ictory duc to a cliangi,
in con[lginalion 1)eiwcen [rt aiid (] Series.

Rcfcrencc: (;onvair Report FI'A 6182
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Missile 20l)
Missile 20D was launched from (;omplex 14 at AMR on 28 November 1959. This mis-

sile was tile second missile to be assigned as the first stage of tile Atlas-Able IV l,unar

Satellite Project. Pertornmnce of the Atlas vehicle was satisfactot T. Engine ignition and

separation of the Able second stage fiom the [51 Atlas was efl;ected satist:actorily at 261 sec-
onds Iml mission objectives were not accomplished because of an upper stage lailure at

47 seconds.

The upper stage failure at 47 seconds was reflected as a disturbance in Atlas rate gym
and accelerometer data, loss of second stage guidance signals, uhimate loss of second

stage lelemelrv, signals, and was observed I)oth visually and photographically It) t)e several

objects litlling away tiom the missile. Portions of the payload and payload adapter were
recovered in the vicinity of the Cape. No STI, Report is available stating what the t;atls(' o]

tailure was. The Atlas missile was in no way implicated in tile upper stage |;allure.

One minor problem was apparent in ihe Atlas booster. The initial operating hwel of

the booster engines was somewhat reduced because of momenta D' faulty operation of the
booster reference regulator. The tentporaw reduction in booster thrust, tr<m_ before

liflott to 3 seconds after, had no overall adverse eltect on Atlas performance. The transient

condition in the regulator was l]le result of an out-of tolerance manut_wturing condition.

Reti, rences: Convair Reports AZC027-080 and AEOO-0103

Missile 81)1)
Missile 80D was launched from Complex 12 at AMR on 25 September 1960. This was

lhe first booster vehicle [or 0w Atlas-Able V lamar Satellite Project. The Atlas vehicle was

successful in boosting tile ul_per stage to the planned position and velocity. Ignition of the

Able second stage engine occurred at tile proper time; howevel; the thr/lst chatntlcr prcs-

sure dropped abruptly to a lower level during separation with complete shut(town occur-

ring prematurely. ,_ks [t result tile overall mission was not completed.

No STL Rel)ort is available stating what the cause of t:ailure was. The Atlas missile was

in no way implicated in the upper stage faihne.
Three minor problems were apparent in the Atlas booster. None of these prol)lems

had any overall adverse elli,,el on Atlas performance. Tilt: first problem was tailure of the

Vel'ltiel _ ellgilleS to shll| dllvtn when a COllllllalld was gelleraletl ,r-)seCollds afler suslailler

cutoll'. The failure has been attribttted to a short circuit in Ihe vernier culotl relay. The

second problem was an abnornlal pressure decay in the separation bottle; the pressure

dropped front 3,135 to 2,590 psig between liftoft: and booster cutofL The cxac! cause of

this pressure decay is unknown. The third problem was an excessive bending mode

buildup starting at'the time of contmencement of the pitch program. Use of quadratic-

lead, triple-lag stabilization fihers incorporated in the sqttarc type atttopilot packages
,esuhed in insufficient attenuation near 24 eps tor tile Atlas-Able configuration.

Referem'e: Convair Report AE60-0748

161 Missile 91D
Missile 91D was launched fiom Comph'x 12 at AMR on 15 l)ecemlm, 1960. This was

the second booster tier the Atlas-Able V Iamar Salellite Project. A,11 data i,tdicates that

operatio,t <,1 the eXtlas booster was satisfactory until 6('>.680 seconds. At this time all inci-
dent occurred which cuhninated in destruction of the Atlas I)ooster at 74 seconds.

At 66.68t) seconds an impulse disturbance was registered by tilt' missile axial

acceleromeler and the Atlle vehicle axial accelerometer. The <lata indicates that the Able

vehich" accelerated while the booster was decelerated. A vitlration nteasurentent in the
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Able second staKe engine comparmmnt showed a buildup in output starting approxi-
mately 15 milliseconds t)etorc the <tismrbance in<ti(atc(l on the Atlas booster axial
a(celer()lll('tel+.

No fihns are yet available in San Diego and the data arc in the process of t)eing ana-
lyzed at this time.

ReRwence: Convair Memo EM-1689

A.I). Mardel

._,t'nior Flight +lk'st

(;roup Engineer

Document 1-18

Document tide: George E. Mueller, "NASA Learning From Use of Adas and Titan for

Manned Flight," with attached: "Summary Learning From the Use of Atlas and Titan for
Manned Flight," December 21, 1965.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

A converted A thL_ mi._._ile u,a_ u._ed/br erich q/the/imr orl, ilal/li_ht_ in I_'rofi,cl Mercur_, and a cnn-

retied Titan H ICBM was u._ed it/each of the ten /liL&l_- in l'mjecl (;emini. 7"Di_ ex/,erfrnce n,a._ cru
cial u_ .\_ISA bet(an lo plan Jbr the initial Apollo mission_. I,lTwn this memorandum wa._ w,'illeJ, i_

1966 tO, NA,%+I's Associate Admi*d.slmlor /Dr Manned Space Plight, George Muelle_; Ihe Air l'brce was

planning to launch milita O, crew_ in the Manned Orbiting_ l+aborato D, (MOIJ pro,warn.

_lj
A/Administrator DE(: 21 1965

M/Assoc ate Administrator for Manned Space Flight

NASA Learning From Use of Atlas and

Titan for Manned Flight

The alta(he(l StlllllllitlV of what NASA has learned in the last six or seven vcars

through working with the :_ir Force in making use of Atlas and Titan for manned tlight is
submitted ill response to your request.

For your (onven ence, tol]owing is a recapitulation of the salient knowledge we have
acquired:

a. The unique management procedures, techniques philosophy and related ('xperi-

en(e a('quired and developed by the A.ir Force during tile (:ourse of the I)allistic missile pro-

gram. These have been a(lol)tcd and allaptcd t)v NASA. to meet our sl)e(-ific requircmc,ns.

t). The (tifli(uh, detailed and productive process of converting selected (_])crati<mal

military missiles to man rated b(,osters with the associated system reliability (redtm(lancv,
quality assurance and control, el(.) requirements.

c. The (tetailed pr(we(hu+es+ checkouts and operational techni(lucs required fin thr
success[ul integration and operation of a launch complex and the [aun(hing of manned
vehicles.
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d. A wtst amount of ancillary technical-engineering knowledge and experience frmn

the Air Force in essential areas such as guidance, pertormance, propellants, vehicle and

spacecraft component design manut_cmre and procurement, etc.
The NASA, Air Force and Indust W have learned together and have mutually benefited

t]om working together in expanding on ttle technology/of the Alias and Titan vehicle sys-
tems. The sunl of this experience [2] and acquired knowledge is being et:[kwtively applied

to the NASA Apollo-Saturn and the Air Force MOl/Filan II1 manned tlight programs.

George E. Mueller

***g@@gg@@

Encl_,)Stlle

Ill

Summary Learning From the Use of Atlas
and Titan for Manned Flight

What we have learned in the past six or seven years through working with the Air Force in

making use of the Atlas and Tilan launch vehi'cles |or manned tlight is summarized in the

tollowing five sections.

I. Management (Procedures, Techniques, Philosophy and Persmmel)
I. Probably the most important item that NASA learned was how to apply and direct-

Iv benefit [tom tiw managelnent techniques and the governmenl-indusnT team approach

t_smblished hv the Air Force's ballistic missile program. NASA adopted and modified the

Air Force svsielll nuu:lagement concept. Tile direct experience, management and pro-

curenlenl kin)w-how of the Air Force has been etti, ctively iransferred Io NASA.

'2. As a resttll o[ the joint effo,t familiarily with the internal operations and organi-

zation of each agency was developed by both NASA and |he Air Force as a basis fo, fultu-e

cooperation and mulual support of manned space t]ight problems.
3. The Mercury and (;emini programs are largely responsible tor a large number of

Air Force Otticers serxing NASA at all levels on direct loan or in supporting Air Force

efforts. This day-to-day working is and has been a productive learning process fi)r mem-

bers of both agencies.
4. Ne\SA learned to work together with lhe lllallagetnelll panels of the I)()1)

[Department of Defense] resuhing in the formation of the _M_.CB [Aeronautics and

Astronautics Coordinating Board], etc., joint panels and boards. The Mercury program

resulted in the development of procedures and ground rules lot manned space program

interagency committees and was a m_:jor t_actor in the recognition of tile need for and
establishment of standardized Air Force NASA spacecrafl standards. The Air Force was

responsible for NASA's early recognition of the necessity fi)r tormalized procedures. In the

early phases of the Mercu D' program, NASA was inclined toward ve_w informal pr_cedmcs.

[21 5. NASA has learned that any particular contractor such as Marlin or Convair must

have onb, one specitic "boss," either the Air Force or NASA, but not both at the same time

on any one particular system or vehicle. This is o|len hard to learn on cooperative pro-

grams'and early recognition o1 this tact was most important to manned space tlighl ellbrls.
6. NASA-Air Force-lndustJw learned and developed educational and Ulmsual per-

sonnel handling techniques which highly motivated asseml)ly line workers, technicians

and clerical personnel to per[orln well above |he rouline level to illstn'e [sic] success in

lhe lllanlled programs.



EXPI.()RINf; TIlE UNKNOWN _3

7. NASA learned to use and benefit tvont the unusual expertise of specialized Air

Force contractors such as the Aerospace (:orporalion and Space Technolog,), I,aboralories.

II. Man Rating of a Missile Booster

1. The process of man rating the Atlas and Titan II taught both the Air Force and

NASA the tremendous differences belween an operational missile capabiliff and a man
rated booster.

2. NASA and the Air Force learned firsthand the vast amount of additional proce-

dures, time, eltbrt and dollars necessary to achieve man rating standards. Atlas and Titan
11 were not designed to the mechanical I'imils and reliability criteria established t0r manned

vehicles. Starting with Atlas, the most reliable booster avail-able, it took a large amount of

modification, additional inonitoring and checking beg|truing with design and parts pro-

curement, then on thru thll production line, and finally delivei+' and acceptance checkoul

at the Atlantic Missile Range (AMR). NASA and the +Air For{ie learned, developed and

established the significantly expanded detailed acceplam'e procedures, quality control

eflorCs and rigid contractor control-supervision required fi)r successful manned flight.
3. NASA experienced the major advantages in time, dollars and confidence which

resulted from starting wilh well engineered [3] mature hardware that had been flown

repeatedly with high relial)ilily compared to slatting with a new untried booster.

4. NASA and the ,kit Force learned and proved that the adaptation of military hard-

ware to civilian space e[tc)rls can be accomplished successfilllv in t|te missile boos|m area

as it has been in the adaptation of certain sele(:ted military ai]craft to civilian transport.
5. h is pertinent to review brietly the m_!jor moditic_tti(ms made in the Atlas D and

"filau II vehicles to converl Ih<.'m from Air Force missiles to itliili rated boosters. I,isls of

the modifications to Alias l) and Titan II are atlached. These modilicalions were tit{: re-

stilt of a large atn<)unt of study and ell_)rt t)y Ill{! NASA-Air Force-lndustry team and rep-
resent a significant amount of technical learning and ¢hwel<)pnmnt.

lIl. |+attach Checkot,t & ()F, erational Techniques

1. The considerable Air Force past expc'rience in the area of integrated launch com-

plex-vehicle checkottt and countdown was increased and crossfed to NASA in the process
of launching the Atlas and Titan vehicles by the Air Force tot NASA.

2. NASA and the Air Force learned that unmanned and rail|tar', launch procedures
and checkouts, while vseful as starting points, were inadequate to_ _ manned launches.

Merctu T and (;emini capsule inlerfaces with lheir respective launch vehicles posed sign|l-

itant additional checkout and complexity. Applying the experience fiom the complex
interl_tce problems associated with earlier Atlas-Agena launches, the Air Force and NASA

developed and learned the significant additional and more stringent launch procedures
with the extended more detailed countdowns required fi.)r manned launch.

3. NASA learned the vahie and benefits of the formal certification pr<)cedures of the
Flight Satcty Review Board. This is at high-level Air Force and Industry board chaired for

all manned t]ights by the ( ',ommander of the exit +Force Space Systems Division. It has been

[4] their ¢<)llectixe responsibility to certit}: that each launcl_ vehicle was indeed flight

ready. This board continues 1<) function in support of the Titan-(;emini Program.

4. NASA and the Air Force learned and demonstrated that complex latmch fat|lilies
its well its vehicles can be eflk:ctively itsed tot bolh NASA and I)OD launches with lhe resul-

tant savings to the Nation by avoidance of duplicate fhcilities.

5. From the Mert:tit_, launches the tna'_jor eftocts of non-homogenoits atmosphere on
tracking accuracy at hmg range and low elevation were delined for both NASA and the

Air Force. This resuhed in the modification of apl)roaches It:, vehicle Iracking. Presently

range and range rate are measured to determine vehicle i)osiliou rather than attempting

to lneastlre elevation directly. Posilion act;tlracy was improved by two orders of lnagnitllde.
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IV. Ancillary Knowledge

1. Beginning with Atlas-Mercury and continuing with Titan-Gemini, NASA drew

heavily fiom flw Air Force in the guidance and performance areas thus augmenting and

fnrther developing their own internal competence.
2. The Air Force as a major user of electronic components and small parts had

extensiw_ experience with these items and with scattered had lots. NASA was advised and

able to readily apply this experience to their own designs, procurements and analogous

problems. Similarly, working together on MercuD' various NASA groups were made aware
of many other technological traps which the Air Force had encountered and, thus, aw)id-

ed the same blind alleys.

3. In working with the Air Force on Atlas and Titan, NASA has learned lrmch abom

the propellants involved, their sources, quality, handling and transfer characteristics. The
Atlas vehicle was one of the earliest major users of c_ogenics, i.e., liquid oxygen.

[5] Experience with toxic storeable [sic] propellants in the Titan has been applied to use
of these oxidants and fimls in Gemini and Apollo spacecraft systems fi)r attitude control

and main spacecraft propulsion subsystems. NASA also learned tllat technical specifica-

tions tor these storeables [sic], while originally developed by the Air Force for missile use

and apparently satisfactory for such purpose, had to be refined and rigidized [sic], par-

ticulally for use in the smaller spacecraft attitude control engines where orifices, etc. are

mttch finer than in the larger Titan engines.
4. The Standard I,aunch Vehicle (SLV) programs mad the Aerospace lndusu T in

general henefited bv the quality control procedures which NASA-Air Force-lndustry
learned, developed and institute¢l during the Mercury program and further developed

under (;emini.

V. Conclusion

The NASA, the Air Force and lndustu' have learned a vast amount by working togeth-

er and using the Atlas and Titan launch vehicles for manned tlight. It has Iruly been a

nmtnally prodnctive and beneficial process.
The total and full import of what we have learned will probably never be completely

identified. However, the total of this knowledge and experience is heing effectively

applied to the NASA Apollo-Saturn and the Air Force MOl,-Titan III manned space tlight

programs.

[no page nmnber] ATLAS D MAJOR MODIFICATIONS

1. A new spacecraft adapter was installed.
2. Wet start of the engines previously discarded in missile launches was used.

3. Replaced the telemetry package with an all transistorized lightweight telemeu T system.
4. Removed the retro-rockets and vernier solo package.

5. Insulated the LOX [liquid oxygen] dome.

6. A three second delay was added to the range salety command destruct signals.

7. The abort sensing and implementation system (ASIS) was added.

8. The LOX boil ottvalve was changed fi-om the weapon system valve to a type similar to
that used in the Atlas C R&D [research and development] flight test program.

9. Installed a modified autopilot. An all-electric transistorized programmer replaced the

potentially unreliable Electro-Mechanical Programmer. A redundant rate gTro was

added and system was "repackaged."
10. Installed a [)affled injector in booster engines to eliminate traces of combustion

instability.
11. Removed the insulation and the insulation bulkhead from inside the fuel tank. This

reduced complexity and eliminated a problem with tiwl seepage wetting the insulation.
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12. Increased the skin thickness of the forward end of the I£)X tank re) provide adequate
sal¢,ty factors tor hea D, stress loads imposed by the spacecrati.

[no page number] TITAN lI MA,]OR MOI)IFICATIONS

1. Structural modifications were made to the transition seclion above the second stage
tbr attaching the spacecraft to the launch vehicle.

2. The AC inertial guidance system was removed and Ihe (,eneral Electric MOD Ill-(;

installed. In addition, a three AXIS reference svslenl (TARS) was required for flight
attitude.

3. By adding a tandem acttlator sysl, elll, a second hydraulic power supply, a second

autopilot and redundant electrical power system, tile failu,e probability in the flight
control system was lowered by at least two orders ot magnitude.

4. Weapon system batteries were rel)laced by rethargeabh, spac(+ syst( m batteries in the
electrical system.

5. A Malfunction Detection System, (MDS) was installed Io provide the astronauts with a

detection system tot noting malfunctions in order that all aborl or escape action

cottld be taken before a catastrophe occurs. Signals were provided in the spacecraft

indicating pressure in fuel and oxidizer tanks, engine and thrust chamber pressure,
staging signals, excessive attitude rate changes, and range safety ofticers' actions.

6. Since the spacect'aft has its own maneuverat)le engines the vernier and retro-engines
were removed.

7. The Titan II engine program was re<tirected to solve pertormance reliability and the

longitudinal oscillation or "PO(;O" t)mt)lem and comt>ustion instability problems. The
net resuh of this effort was an improved Titan II engine system that was man rated.

Document 1-19

Document tide: Staff of Aerophysics Laboratory, North American Aviation, "Feasibility of
Nuclear Powered Rockets & RamJets," Report No. NA-47-15, February 11, 1947, pp. 2,11-14.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

B_Jbre nuclear bomb desigmer_ Jigrured out how to construct high-yieM, low-ma.¥,s nuclear warhead._ Jbr
delive U on mi,_iles, thu fizced the problem of buiMing high-thrust rockets. 7'he, e considerations led to a_*

exploration _4 nuclemJ_owe_d rocket.s. This finmerty class(fied study is the firYt detail*,d exami_Patim_ 0/

the potential 0/ n uelear fi,ssio,_.fi, r pmpul._ion Onl3: the text ¢_/the t)rqace arm ab._t,act appear here.
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[stamped "Unclassitied," the word "Secret" appeared at the top of original pages]

NORTtt AMERI(2_.N A\'IATION, INC.
AEROPHYSICS IABORATORY

DATE 2-11-47 REP()RT N(). NA-47-15

Feasibility of Nuclear Powered Rockets & Ram Jets

[stamped "Atomic inlernational Received Nov 5, 1962 I.itwaD"'}

PREPARED BY

STAFF OF AEROPHYSICS I,ABORATORY. • •

[ 2 ] i'REFACE

Tile nuclear powered rocket presented here is a single stage vehicle of about the same

weight as a lllodt'ril medilllll bomber, h is capal)lc of escaping from ttie earlll's gravita-

iiona| field and travelling hi inlersteilar space. With a boll)i} load of 8,000 pounds, it c;tn

orbil al)oui lilt" earlh indellnilely, ill- deliw'r its payload io any point on the ealth's Sllli{tce.

Tile prot)osed nutiear lani jel ])as ai)oul the same weiglll as present day tigilier

Fillies. h is desiglied Io catty an 8,{l()() pOulid I}olnb hntd alid Io ciuis(" indethiilely ill llie

slratospllcre at Ihc spced of a ritlc 1}ullcl.

'Fills report /vas plepalt!d ill at'toldalice with ,,%ll'lllV 7_kil Force {]i)illla('l _4(3!_-(}38 a{-

14191, Proje('i MX-770, undei" the (-ognilan{e of lilt! Guided Missilcs Setlit)n, All Mall.iiei

(]Ollilliaild, Alniv Air Poi-(es, Wiigtit Field, Dayton, Ohio ....

I 1 1 ] ABSTIL.\CT

This ieporl exalnillt's l|le engineering teasibililv of tiw app]ication of llutlear cnclgy

to long l-illlge sul)eisonic rockels illl(I i-alll .jets. _;iiecilically, analysis indicales l]lal it

10,00(i mile rockcl-lnissile, ntlcleal powered ilIld hvdrogt'n propelled, can be designed

alld t-OllSllllcted with it gross initial weighi of al)Oill '100,00() |}{)lllldS and a rise[ill payh)ad

of 8,0{)0 |)OUlI{IS. Wilil slight modification, and w[l]lO/li lilt' payload, the l'ocket {'all escape

|i(}lll tile glavitaliollaI field of the ealt]l. Tile analysis []llt|lCl shows t|lal a nucleaI pow-

ered ranijel witti {ill 8,000 pOtllld payload Ills a gross weiglli ot i 7,600 pounds itlld GIll Ill'

allilOSl indefinitely at a speed of aI)oul 2,0(i() miles per tiOili.

The Rocket
The list' of nti{leal- ellt'l-_,_' as it ht'at s(illltTe pi,llnils Iht' chMce of l(}t'k{'l ploi)eilanl Io

lie frl'e {i[ lilt' iiinilalions of {tienlifa] conll)uslion. Monienltnn t.onsid{!ralions alOlle indi-

caw lllal llVdlOgeli, I)c{ause of its small lnoleclliar weight, would I)e lilt" best proi)cllant.

11nlol.lilllaiel'¢, Ih{" h)w densilv of liquid llydrogell requiles l',irg{' {-Olllainers wliost' wcigi/I

reduces tile advalllage gainl'd Ily lilt low lllole(ulal wcigiil of tile gas. Theretore a dl:ilSt'l

I}rlii}/,liant, liquid lllethalle, was also investigaled, l,iquid alllnlonilt lilly lie used practically
iiltert'iiangeabk' with liquid inelhane. The study indicated lhat in spilt of lower density

liquid tlvlll(ige(I WaS lilt" better pr(}iieilalll. Tile _'(}lnl}ined list" of li{lui{l Ilydl'(igen and liq-
uid int'lllaile niav Ilave some advanlages whi{h arc {liscusscd in Ihe report. Tile niici{!ar

iea(tor in eveiw cast' was a gi-aphile assenil)iy inlpregna/ed with tiraliilllii olicralcd al

about ,,')7()0"P (3160"(;).
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Ak'ohol-oxygen and |wdrogen-oxygen niuhi-slage chenlical rockets were conlpared

with methane-propelled alld hvdroge vpropelled nuclear powered rockets. ]'he sludv

indicated lhal for ranges gieal_.;r lhan 2,000 miles, the nildear powered, ]lydrogell pl(J]

pelled rockei is roughly one-third file weight of a chemically powered ]lydrogen-oxyg(m

nulhi-slage rockei .... The nuclear-hydrogen rocket as a 10,000 mile lnissile or a salellite

vehicle, would weigh less than 100,00i) pounds. If die payload is removed and 500 pounds

of instruments reiained, a mlclear hydrogen-propelled escape vehicle (or hmar vehicle)
would also weigh about 100,000 pounds.

A cosi alita]ysis of ihe chemical and nuclear rockets is summarized .... based on an

esiimaied structure cost of fifty dollars [12i per pound and a suitable fuel cost. The fllel

cost is always litegligible compared to the total StlitlCltlit'e (7()st. The comparison between (he
various 10,000 mile missiles folh_ws:

PROPUI,SI()N

STSTEM

(PAYI_OAD = 8,00() POUNDS)

INITIAl, (;ROSS WEI(;t fT

(POUNDS)

ESTIMATED (]()ST

(MII,IJONS OF DOLIAILS)

Alcohol-Oxygen 680,000 5.1

Nuclear-Methane 428,000 3.6

tlyd I-ogelit-() xyge lit 252,000 2.6

Nudeai_-H) drog en 93,000 1.5

The cosi of uraniitiliti was liter included ill llite estimates of the litu(:leait powered rock-

(!is since Ihe (()st of 1J-735 (enhanced in con(elilralioitit) was nol available. Tills reporl tit,is

considered only engineering aspecls, wiihoitil prilli_itit- V regard to itlFalitititln ecoitlolnV.

(]onsiderabh_ saving of IIlalitiunit t:_iitit be achieved I)v ihc' llse o[" a reactor designed widl
e('olitoititlV _is the principal criterion al the e×piqitse (if addilional rocket weighl. ]'his is a
sitlbje(i [_)it- tititurc study.

A detailed analysis of (lie (:oillpOllelllS ()]" (he nildear hydrogen-proiielh, d 10,000 niih'

missile is presented litel'e. The probieititlS el slritl(llira] alTallgt!iitleitll, aerodviit_tllii(-slabilit_;

steering control, [urbilles and pllliitps ti)l prol)eliaititls, and ntlc]ear itea('t(Jr desiglit are ail

considered. An e×periniental sit(dr of the tabricalion features of tile graphite nuclear

reaclor is reporled. ]'ecinitiques for impregnaling the graphile wilh itualitiititm are

described, lii order Io i)re_clil chemical eros(eli( of Ilite graphile slruclitire by reaclioiti wiih

hydrogen gas, a prolcclive fihn of ianialitun carbide has I)een develope}t and studied

('xl)erilitienllitlly al high Iciitiperalitlres _11 (he Aerophysics |.at)oralorv of Nolt|i Aiitlerican
Aviation, Iiitc.

[)llrillg tlighl the nllciear reaclor develops Ileal al lile itale of abe(tit 8 ilitilliolit horse-

[)owci; Tlitc prot)h,nl of iranslT<qiing lids heal l,i liite [ 1:_1gas slitealitit hivoives llieorciica]

considerations of all UlilitSllal nitagniiude. The miaivsis presenied hidieaies Ihal Slitch ](teal

lit_li]S[{_l is feasible iiit ii rea('lor of revise((at)l,<, size. The experilitlenl;itl inv(!stigaliolit of rids

prol)lelitl is proceeding ill Ihe Aerophysics Laboratoi),.

Tlite Raitn Jet

A iituclear power plan! caitl devehip power for an extremely long time wilhoititt regeli-

eration. Since iitl a ramjel the propcllaiitl gas is provided I)y lh_" air slreanit, ihe conitl)ilita-

lion of litll(:[(,ill power and ralll jei aclion provides a vehicle (hat has all indelhitilelv long

it{tlitge. A itlitl(']e{IF it'e_itC[Ol" hits beeitl considered fiir ihe rani jei, Io be fabricaled of IJervlli-

(tim oxide, iinpitegnaled wilh tlitaliiititIll, and operated at al)oitil 3600'F (1980(]).

|itllpregllaliolit Icchniques have t)eeiit developed at the Aeropiivsics l.al)oralorv and _ire

l-eporled hel(,. ,_11(]1 {it leit([()l ('{11/ be ill(:orporliled ill :+it}l-fOOl }]ilitlllel(q l'{llitit .j{_l Ill" lllitlV

14,000 p,mnds total weighI, of which 83)00 pounds is I)omb load. I hiwever, a minimun'i
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practical dimension for the war head requires a 5-foot diameter, 17,600 pound ram.jet.
(]alculations show that successful operation of this ram jet could be anticipated in tile

range of Mach numbers t]-om 2.5 to 3.5, and altitudes up to 50,000 feet.
The comparative performance of a chemical ramjet using gasoline as a fuel was inves-

tigated, both without booster.., and with booster .... The results indicate clearly that
onb,' for short range use is the chemical ram jet of value, and that under tile best possible

cilx:umstances such a ram jet has a maximum possible range of about 4,000 miles. For

ranges greater than tills, only nuclear power can be considered. The cooperative cost of
ttlc cllemical and nuclear ram jets llas also becn evaluated without booster.., and with

booster.... Tile cost figures arc based upon an estimated structure cost of tif]y dollars per

pound. 'File cost of the payload (bonlb) is not included. The cost of uranitm't is not includ-
ed in the case of the nuclear ram jet. _s with the rocket, this cost is probably of the mag-

nitude of a million dollars. The resuhs indicate that a nuclear ram jet is probably eco-

nomically justified fin ranges greater than about 3,500 miles, and withot, t uranium would
cosl about nine hundred thousand dollars with booster. This is only slightly less than the

cost of the nuclear-Ilydrogen rocket.

[14] An engineering analvsis of tlw nuclear powered ram.jet is presemed in the report.
This Sltldv includes IallllCilillg mtjectories, aerodynamic stability, structural calculations,

heat trallsler analysis and detertlfination of oww-all ram jet pertorlnance. Since tile ram

jet inttst be iattn'ched at operative speeds, an acid-aniline rocket booster has been

designed. 'l'lle initial gross weight of tilt' booster is 37,500 pounds, with a resulting launch-

ing weight of the combination of 55,10<) pounds.

(]onchtsions and Recomlnendations
The conclusions reached in this report are that both the rocket and ramjet powered by

nuclear energy are feasible froth the engineering standpoint and are econolnically coinpa-

rable to, or less costly than[,] the best chemically powered unit.s [or long range use. It is ttlt +-

ther concluded that vetlicles having a useful payload and extremely long ranges, including

"'escape" or "space" vehicles, become practicalities only when propelled by nuclear power

The detailed perlormance considerations tilat wollld permi! a choice to be made

between tilt" ram .jet and rocket can only come from continued development of these
devices. It is dlerefore recommended tim{ the development of both ttle nuclear powered

ram .jet and rocket be carried on in parallel. Since tilt' nuclear reactor for both Ihese
devices is intimalely related to tile rest of tile design, i! is recommended tilat nuclear reac-

tor development he part of the over-all program.
A progranl t_)i the next live years, based upon these recommendations, is discussed ill

this report. A specitic proposal for the next ,,,ear is made ....

00cument 1-20

Document tide: AEC-NASA Press Kit, "Nuclear Rocket Program Fact Sheet," March 1969.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

This document summarize._ the experience o/the joint nuclear rocket prog,ram o/the Atomic liner&,5,

Commi._sion (AEC) and NASA. In March 1969, the Nixon administration had just entered the White

ttouse with the intention to reduce the /i'deral budget, and all programs were under _vview. In addi-

lion, the J?deral budget [or flscal rear 1970 wa._ under considelation in Cong_es_, anti the nuclear

program was in jeopardy. This .diet sheet enabled reporte'_:_to uwite abo'ul the prog,ram with ¢(_eater

knowledge about the components o/the nuclear rocket development and te._t series.
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Ill
|hand-dated "March 1969"]

Nuclear Rocket Program Fact Sheet

Nttclear Rocket Program: AEC-NASA progranl to develop nuclear rocket engine tech-
nolog,_, and systems for +space exploration

Program Terminoloh, T:

NERVA Program: The program to develop the technology, of nuclear rocket engines

and, based <m that technoloD,, a flight qualified engine called NER\,_. (Nuch'ar Engine

for Rocket \'chicle Application). The program work is being accomplished under a gov-

erlltllenl contract (SNP-I) with tim Aerojct-(',eneral Corporation (A(;C). A(,C's principal
subcontraclor is the Westinghouse Electric Corporation. _v'+¢stinghouse is responsible tot

the development of the cngine nuclear sllbs'¢stem, which includes the reactor. The major

facilities used in the NER\G_. program are: tile Aerojel-(;ep.eral Test Facility Sacramento,

California: the Westinghottse Aslronuclear l+aboralorv, I+afge, Pelmsylvmfia; and the
Nuclear Rocket Developmetlt Stati<m in.lackass Flats, Nm'ada.

NERVA Reactor Experiment (NRXJ2 The name given the series of +, "
!,_t stmghous¢

experimental reactors fabricated and tested as a part of the NERVA technology, phase.
This portion of the technolo_, effort was completed with the testing of the NRX-A6 reac-
tor in Decemlwr 1967.

NERVA Ground-l'_xperimental Engine (XE): The ground-based, experimental

nttclear rocket engines designed, fabricated and tested by the Aerojet/\_k'stinghouse con-
tractor team as a part of the NERVA technolog,_, phase.

NERVA Engine: The 75,000 pound thrust engine being developed to flight qtmlitica-
lion t)y the Aerojet/Westingh+_t se industrial contractor team.

KIWI__:The name given to the series of non-tlyat)l¢, ground-based, experimental reac-

tors and the Los Alamos Scientific Laboratory (IASI+) project to develop basic graphite
reactor technology, The project was completed in 1964 with the testing of the IASL KIWI-
B4E reactor at the Nuclear Rocket Development Station in Nevada. The Los Ahtmos

Scientific Laboratory is operated by the University of Califbrnia (UCI++_) fi)r the AE(L

Phoebus____:The name given Iothe series of rood|tied KIWI reactors, referred to as

Phoebus-l, and larger high-power reaclols, calt d Phoebtts-2, designed, ta.bricaled and test-

ed by the I+os Alamos Scientific Laboratory as a palt Of the eftorl to scale-up the basic reac-

tor technol<>g_, developed under the KIWI' project to higher powers and greater eflicienc'e.
This IASI+ el[or| was completed in July 1968 with the tesling of the Phoebus-2A reactor.

/2J Pewee_.____|A smal'l graphite t+e;+c'toF designed and assembled by the Los Alamos Scicnlitic

l.aboratovy It) evaluate the perfi)rmance of fuel elements an_l othe_r promising reactor
core COml)()nents l)eing considered fi)r inclusion in NI+'+RVA.

Nuclear Rocket Developn+ent Stati(m (NRDS): The national site f<)r the grotmd test-
lug of nuclear rocket reaclors and engines. Comprises an area of approximately 90,00<)

acres (140 square miles) in the AE(; Nevada Test Site (NTS). NRDS is located'on U.S.

Highway 95 approximatcqv 90 miles northwest of l+as Vegas, Nevada.
The tn_!jot +NRI)S test iacililies are as follows:

Test (:ell "(7'--Facility for the testing of nuclear rocket Iea(tors.

Engine Test Stand No. 1 (ET_I)--Facility f<)r the static testing of nuclear rocket
engines.
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Engine Maintenance, ck,_sembly and Dis:Lssemtfiy Building (E-N£M))--A complex of
"hot" cells and labol_ttories equipped _th special remote handling equipment and

devices tot assembling, dis_tssembling, servicing and examining nuclear rocket engines.

Reactor Maintenance :k,_semblv and Disassembly Building (R-MAD)--A complex

similar to the E-MAD building for assembling, disassembling, servicing and exam-

thing nuclear rocket reactors.

Space Nuclear Propulsion Olfice (SNPO):.Joint office of tile Ale'(: and NASA which
directs tile nuclear rocket program. SNPO comprises a headquarters office located at the

AEC in (;ermantown, Maryland, and three extension ottices; the latter are located in

Cleveland, Ohio; Jackass Flats, Nevada; and Albuquerque, New Mexico. -(t

Budg_cL." Total cosLs, cumulative through fiscal year 1968 (in millions): AEC, (),)2.8;
NASA, 4,t6.1; Both, 1138.9. FY 1969: AEC, :57.2; NASA, 32.0.

195,5: l 1/'2, initiation of Iltlclear rocket program.
1957: 3/6, Nevada site for nucle;.tr rotkeI tesls atHhorized.

.',q 7/1, Kiwi-A reactor test.1.)a..
1960: 7/8 Kiwi-A-Prime reactor lest.

8/31, SNPO established.

10/19, Kiwi-A3 reactor test.

[3] 1961: 12/7 end of Kiwi-BlA reactor tests.
1962: 2/19, NRDS designated.

7/16, Kiwi-B reactor "cold flow" tests (completion).

9/1, reactor startup wittl liquid hydrogen, end of Kiwi-BIB reactor tests.

11/30, Kiwi B4A reactor tests (completion).

1963: 5/15, Kiwi-B4A "cold tlow" react()r test.
7/12, Kiwi-B2A "cold th)w" reactor tests (COml)leti(m).

8/21, Kiwi-B4B "cold lh)w" reactor tests.

196,t: 2/13, Kiwi-B4D "cold tlow" reactor test.
4/16, NILX-AI "cold [low" reactor test.

5/13, Kiwi-B4D reactor power test.

8/28, Kiwi-B4F reactor power test.

9/10, Kiwi-B4E reactor restart.
(3/24, NRX-A2 reactor power test.

10/15, NRX-A2 reactor restart.

1965: 1/12, Kiwi transient llucleal-test.

4/23, NRX-A3 ieactof power test.
5/20, NRX-A3 reactor restart.

5/28, NRX-A3 1-eactor restart.

6/25, Phoebus-lA reactor I)ower test.
196I:c 3/2.), NRX EST (breadt)oard engine) power tests (completi(m).

6/8, NRX-A5 reactor power test.

(i/23, NRX-A5 reactor restart.

1967: 2/23, Phoetms-lB reactor power test.

7/12, Phoelms-2CF "cold 11ow" reactor tesLs.
12/15, NRX-A6 l-e0.cl()l power tesl.

1968: ,t/11, XE-CF "cokt tlow" engine It.sis (compk'tion).

6/26, Phoebus-2A reactor power test.

7,,' 18, Phoelms-2A reactor restart.
12/11, Pewee-I fuel-element test bed reactor tests (completion).

Manat_er, SNPO l_)eputy Manager, SNPO..
.. David S. Gabriel

Milton Klein
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Propellam and CoolanL: Hydrogen, carried in liquid form.

Reactor Fuel: [rranimn, loaded in graphite fuel elements.

Other Nuclear Rocket Program Activities: Aparl |toni NERVA, the nuclear rocket pro-

gram includes a broad spectrunl of supporting research and technolo_, activilies.

Examples of these activities are: the work at the Y-12 Plan! of 14] Oak Ridge and at 1_S1,,

which includes the Pewee reactor program, on improving reactor tirol elenleills alld sup-
port hardware; the work at a ted Aircraft Research [,aboratories on tile gas core nuclear

[_ "

reactor; the work at l_ewis Research (]elller (I.eRC) on advances in ct)lllpollellI technolo-

gy; and the in-house and COlltlaCtllal effort bv Marshall Space Flight (_elllel (MSFC) on
llll(leal +stage tc(hllolog},.

Document 1-21

Document tide: Senator Howard Cannon to the President, October 19, ] 971.

Document1-22

Document title: James Fletcher to Senator Howard Cannon, January 24, 1972.

Source: Both in NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

As the civilian space progwzm wa._ _educed in p_iorit_ and budget b_, the Nixon administration in the

aftermath :?/ Ihe initial l _nar landinLr , Ihe./itttt_ of tke NASA-AIi'C nuclear rmket pro£_am wa._ in
obvious jeapardy. One r_/lhe .strongest con t,qe._sionai supporter_ o/the program was &'nator Hmvard

Cannon q/ ,'\_pada, ma_y of the program ', le._l.swere carried out i_ hi._ ._tale. tti._ effm-t_, Io save the

prog,_nm were not succes.!/ul, a_ explained in the letter/ram A';,tS;AAdmmistratorJame._ Iqetcher

[1]

Document 1-21

United States Senate

WASHIN(;TON, D.C. 20510

Oc!ober 19. 1971

The President

The White House

Washington, D.C.

Dear Mr. President:

It has come It) nlv allention thai the Administration's support of the nuclear to( kel engine,
NERVA, wlfich is financed jointly by tim AFC and NASA, once more is the subject of doub!.

I am advised |ha! the [Oltice of Management and Budge.t] has been instructed to

fleeze $24 million authorized and appropriated by tile Congress pending a decision on
1973 budget levels.

It seems to me, as l have writlell VOtl nlally fillies, that this progzam continues to o|tk,r the

nation's best chance to take the nex{ logical step fbn_-ard in space, alia thai l|le already stag-

gering $1.4 billion illVt!SIlllt_ll! ill successlhl [research and development] would make (ontinu-

afion of the program not only desiral/lc but mandatory; since we are so dose to a flyable engine
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As one of tile senior menfl)ers of ttle Senate Space (;ommittce, I am greatly disturbed

that the space program in recent years has been progressively cut back. It seems to me that
if we are to continue in space, the NERVA funding issue is criti(ally important. On the

other hand, if we are to cast aside our earlier desirct() go forward in space att(t subject our

invesltnent to a less-than-starvation funding level, we arc [2] only deceiving ourselves. 1

I)elicve that rather than merely giving lip service to spate, we ought to consider a total

restrttctnring or delegation of NASA's role to the military.

[ sincerely hope that my present assessment of ottl space posture is overly pessimistic
and that VOlt will recognize the opportunity and challenge which this deserving NER\('\

program presents to the Adminislralion.
Since I t)elieve that we a,e at a crossroad in deciding our spa(e objectives, I I)ring this

ina[[er to yoilr atlenlion.

Sincerely,

H()WARD W. CANNON

Document 1-22

Ill

Honorable HowaM W. Cannon

United States Senate

Washington, D.C. 20510

D('ar Senator Cannon:

l ant writing to int'orm you ill some detail of the decisions <m tile space nuclear

prol)ttlsion l)rogram which h'ave been made in connection with the President's FY 1973

Budget for NASA and ekE(;. :ks 1 advised you in my letter of September 29, 1971, wc have

been operating in this program during the first part of FY 1972 on the basis planned in
the Presidcnt's IVY 1972 Budget, i.e., holding together a technical cadre of (;ovcrnmen!

and cot-(tractor personnel so that developmeYtt of the 75,000-1b. thrust NERVA engine

could be restuned when it became timely to do so. I also advised you at that tithe that we

anticipatcd thai the dccision on the future of the program would be made as a part of the

FY 1973 budget dccisions. This has now occurred.
As stated in the testimony on the 1_ ' 1972 budget, tit(" reasons for suspending dcvel-

Ol)ment ot +the NERVA engine in the l'_' 1972 budget were in part the tiscal constraints

ne(-essal T in lh(' bltdgct for I'_: IG)72 and succeeding years and in part the fact that the first
missions using lilt" NFRVA engines Woltltt not takc place hcforc the mi(tdlc or late 1980's.

Thor(tore, tilt" decision we presented tt)you in the FY 1972 budget was to suspend NI"R\'_\

engine developntent and to endeavor I<) preserve the capability for rcsuming it at at later
tinte when a development sequence---engine, stage, and payloads--leading to use of lit(:

nuclear engine in mission applications requiring its capabilities could be hegun with a rea-

sonable expectation of being carried to completion.

[2] In developing our FY 1973 budget we have given special attention to the l)rohlem of

c(mfiguring the entire NASA program in such a way that it will not commit the nation to

large increases in the total NASA budget in future ),ears. This has mean! some basic

changes in Otll plans and another stretchout of the period over which our continuing and

long range objectives in space exploration and space science will he achieved. Two major

examples have I)cell [)tll" decisions on the space shuttle att(l ()It the (;rand Torn. _re have
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nowselectedaspaceshuttleconfiguration concept which will cost about half of what the

configuration envisaged in our plans last year would have cost to de_qop; this decision

serves to reduce substantially the peak ftmding reqttired for shuttle deveh)pment ill any

one year and thereby helps us avoid an increase in lilt" total mmual NASA budget. We hav,_'

also decided to cancel plans for the Grand Tour missions which would have been possible
only in tim last half of the 1970's. This means thai we will not be al)le It) launch Inissions to

explore the distant planets--Uranus, Neptune, and Phtto--until sometime in the 1980"s,

and that we will then have to depend on high et]iciency propulsion stages to reach them.

By these and other actions we have been able to reconfigure our long range plans so

that the total NASA program can be accomplished :it an annual overall NASA budget at

approximately the current level. The prt!jections we will submit to Congress as required
by the Legislative Reorganization Act will show lha( Ill<," estimated filn-Otlt costs of Ill<`, total

program <`It) not rise above the 1%' 1972-1973 level. (By contrast, the Fllli-Otll projections
sut)mit/ed last year with the i%' 1972 budget rose tt, $4 billion.)

By properly phasing-in major new programs as we go along, we can maintain a viable

and usetill tolal NASA program in space and aeronautics at a total NASA annual btidgel
level which (in 1971 dollars) can remain essentially at tile 1%"1972-1973 level for the indet-

inite tilture t,nless, of course, the President and Congress decide that tile program should

be expanded or acceleraled. 1 strongly bel eve that this posture of a realistic hmg-ternt plmt
in which the nation's conunitment is clearly limited to budgets of apl)roximately the currerl!

sizt', is tilt, prol)er one tot N,,kSA ti+ont the standpoint of tesl)onsible management and also

is essential at this time to assure continued broad-based support fin- the NASA program.

[3] As we took the actions in the I_Y 1973 budgel needed to establish a realistic hmg range

plan for NASA, we had to take another look, of course, at the nuclear propulsion pro-
gram. From tim sta,Mpoint of holding our total plan within an acceptable total, it was

clear thal we could not afford to reinstate develol)ment of tile 75,000-Ib. thrttst NI+;R\_&

ellgine. +File costs ill tilt" 1970's wouM be too high, and with the stretchotlt ill otlr future

plans the ntissions requiring this capability wottld be even tarther in the future than the

forecast a year ago. Under these circumstances and conslraints, reinstatement of the

NER\_\ 75,000-1b. thrttst engine development could not be justified.

On the other hand, the cancellation of the (;rand Tour missions introduced lilt +pos-

sibilily of a new class of fttture missions tor which a much smaller nuclear engine appears
to be needed and paflicularly well sttited, namely, tile first missions It, explore the distant

planets--Uranus, Neptune aud Pluto. Our preli_ninarv an;llvses show that a snlall nuclear

engine, in the 15,{I(I()-20,00(1-11). thrust class, ntay provi_Ic tht; most practical means fin-Ill<`'

first mission to these planets sometime in the 1980's, in lieu of tile cancelled (;rand T<>tl,

missions, as well as perhal)s providing tit a htter lime, by chlstcring or staging several small

engines, many of the capahilities the large 75,(lO0-lb. l]lrusl engine w<)uld have given us.

lflhese comhlsions are ctmthmed in the studies we are now initiating and are propt>s-

ing to carry Oll ill FY 1973, we will be able to establish a firm and signit]cant specili¢ nlis-

sion goal for +the nuclear propulsion development progranl. This would be most signiti-

cant. With a ti)cused efloft on a specific mission objective the program could Ihen pro-
ceed withottl the uncertainties and controversy th;It ]las characterized it in the past.

For tilt: teas<ms outlined above, tile 1%"1973 budget vetlects a decision to reorient the

nuclear proptdsion program. NASA and AE(] will define a small nuclear rocket system ill

the 15,000-20,000-1b. thrust class. This eftort will he a part of a broader plogranl ti+ detine

and nlake trade-off studies of ahernative types of advanced propulsion svstents, including
chemical, sola>electric, nuclear-electric, and nuclear-rocket systelllS ti)'l possibh, tillufe

missions to tile distant planets Uranus+ Neptune, and Pluto. Supp<>rting research and

[4J contp<ment testing tor nuclear s'¢stetns will also be tmderlaken. Devclopnlent t)f the

NERVA 75,000-1h. l]lrust engine and'the contractor eft<,vt directed at this goal are being
terminated ill favor of the progranl teoriented as above.
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For tile reoriented program, ttle FY 1973 budget includes a total of $16.5 million in

budget authority, $8.5 million for NASA and $8 lnillion for AE('. This funding will support

engine <tefinition work at the l,os Alamos Scientific Laboratory (IASL), component devel-

opment and test at IASL and the Nuclear Rocket Test Site, and some work in supporting
research and advanced technology work. The deveh>pment contracts with Aerojet and

Westinghouse will be lernfinaled in FY 1972, with termination costs 1o be met out of fimds

available in FY 1972.

I hope that the foregoing will give you an understanding of the reasons which have
led to the decisions on the nuclear propulsion program which are retlected in the FY 1973

budget and which we will begin to iml_lement in the remainder of FY 1972. I will be avail-

able to discuss this ftn'ther with you at your convenience.

Sincerely,

James C. Fletcher
Administrato,

Document 1-23

Document title: NASA, in consultation with the Advanced Research Projects Agency, "The

National Space Vehicle Program," January 27, 1959, pp. 1-7.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

I, the months after it began operations on October I, 1958, ._TiSA asses,sed its launch needs as part

of developing an initial ten-year plan. In this report prepared./br the White tfouse, NA,%4 had the lead,
but con.suited with the Del)artme,t (_[ l)e/ense'.s lead organizatio, ]br ._prlce, the Advanced 16,_earch

Pn!jects A/eric,;. 77_is report wa,_ NASA_ "l)eclaration of Independence" :[_vm the future u,_e O/

Department o[:l)efense missiles [i, meeting all oJ it,_ launch needs," the ._pace agem_ arg/ue<t that there
was a need to deveh>p la u ml vehicles spec!ficaUy,/or space applications. 0[ the veh icle._propose<t in lh is

report .[m ea fly de_,eb_ment, the Vega was never approved. 7"he ]ollowing i,_ the report's sum mary.

The National Space Vehicle Program

Prepared by the
National Aeronautics and Space Administration

In consultation with the
Advanced Research Pvojecls Agency

o| the

Department of l)eti:nse

[11
SUMMARY

[_lldel- the National Space Act of 1958 (Public Law 85-568 the President of the United

Sates is responsible for developing a continuing program of aeronautical and space activi-
ties to be conducted by agencies of the United States. The National Aeronautics and Space

Administration presents in this report a National Space Vehicle Program. This program

plan is a contintfing t.llort to be reviewed annually and rexfised as needed.
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The National Space Vehicle Program was forrnttlated after discussion and consulta-

tion with agencies of the Department of Defense, principally the Advanced Proiects
Research Agenc+v, tlre l)epartment of the Air Force, and the l)epartment of the ,'(+,rmv.

Existing and planned projects of the 1)epartntet+! of l)eli'nse in this area, inchlding those

intended for military missions, have been taken inlo at:count with tire purpose of avoid-
ing any unnecessao_ duplication of effort.

The present generation of space tlight vehicles is being used to place small payloads in

close orbits around the earth and to propel very small instrument packages into space. The
current group of booster vehicles, namely, \'_mguard,.lupiter C, Juno II, and Thor-Able,

were all hurriedly assembled under pressure of meeting the threat of Russian Sputniks and
none of them possess the design characteristics required bv ftlture needs of the National

Space Program. The Vanguard, which has the best basic ¢'lesign philosophy, has not vet

demonstrated sutIicient tlight reliability. The ]upilt+r C, which has had the tl+lOSl flight s{lc-
cess, has [2] a low load-carrying capabi'lity. Tfie.luno II vehicle has a low injection altitude

for satellite use, and requires that it be spun for stability. The Thor-Able fiooster that has

been used in the exit Force moon shols has no attitude control system for the second slage
during coast, st> that the injection ahitude for satellites is on tt{e order of 150 miles. The

Atlas-Able being prepared for one space mission has the best potential load-cartTing capa-
bility but suffers, as do the others, from being designed for a specific mission.

Our approach up to this time has been much too diverse in that we fire a few vehicles

of it given cotdiguration, most of which have failed to achieve their missions, and then call

on another vehicle to take tire stage. In this situation no one type of vehicle is tested with

stdficient thorottghtress and used in enough firings to achieve a high degree of reliability.

The National Space \k'hicle Program is directed toward avoiding past errors. Tire cen-

tral idea is that one vehicle type, when fitted with guidance and payload appropriate It)

the mission, cart serve tor most of the space missions planned tot a given 2 to 4 year peri-

od. By designing the vehicle with this purpose in view and by using it again and again for

most of the space work, it appears inevitable that this one vehicle type will achieve a high
degree of reliability. Therefore, this program presents a series of space-flight vehicles of

increasing payload capability for successive periods of use. Each vehicle of the series will

be useful fi>r satellite work including low and high circular orbits, highly elliptical earth
orbits, hmar exploration, planetaD, exploration, and deep space probing.

[?,] In an attempt to achieve greater reliability in the existing vehicle area, NASA is spon-
soring DEI;FA as an interim general purpose vehicle. I)EI,TA is a more versatile version of

Thor-Able, achieved t)y inserting a Vanguard design tk_attuc that had been deleted; name-

ly, the coasting flight control system. Reliability rather than pertormance is to be empha-
sized by replacing or deleting those components of _mguard attd Thor-Able th;+.t have

caused failures, it will be used for communication, meterological [sic] and scientific slttel-
liles and lunar probes during 1960 and 1961.

The first new general purpose vehicle of the National series is the VEGA. This is one

of three vehicles based on the use of Atlas as a prima> T stage. The second stage is powered

by tire Vangttard first stage engine modified ti>t high altitude operation. This engiute has

an excellent record of per|ormance under Vanguard. The tanks are made up principally
of standard Atlas paris, thrts providing an early availahility of the VEGA vehicle. Whel+l

used for hmar or planetat T missions, a third or terminal stage with solid or sl(>rat)le-liqtfid
fuels will be employed. \+_(;A should see considerable use in the period ti+om 1960

thr(>ugh 1964. It can boost two men into a close earth orbit with enough eqttipmenl t,, sus-

tain them tot several weeks. Its principal function, however, may be the exploration of the

moon tot which it is ideally suited. It should be possible in the 'next few years to take very
high resohttion photographs, first of the front or visible side of the moon and eventt+all_.

of the back or heretotore unseen side. A close approach to a planet will require at least

1<)00 attd probably 9000 pot>rids of equipmertt devoted principally to [4] guidance and
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communication. VEGA is tilt" tirsI vehicle that can carl T payloads of this magnilude to tile

vicinity of Mars or Venus and should pave the way ti)r the use of CENTAUR which is bel-

Ier adapted to tile planet mission.
The second new general purpose vehicle of the National series is the CENTAUR

which is well suited to be a successor to \'EGA, because it requires no change in the Atlas

booster. CENTAUR will be useable during the period from 1962 through 1966 for per-

forming the same missions as VEGA but with fi-om 50 to 100 percent more load<arwing

capability. CENTAUR is dw first vehicle to employ hydrogen as a fuel, and, if successful,
should pave the way tot use of this highest energy fuel in tiHure vehicles of the National

series. The payloads plalmed tot SATURN and NOVA, more advanced vehicles of the
National series, would have to be reduced if a lower energy" fuel had to be substituted for

hydrogen. There is every expectation, however, that CENTAUR will be successful, owing

to the background of experience with lw,drogen in indust D' and also within NASA.
XI'IA,S-HUSTLER is being develop_:d by the Air Force. It should be available about

six months prior to Vega but will have only about halt" of Vega's load-carrying capability. It
could serve, however, as an interim version of the Atlas boosted series.

The third general purpose space vehicle of the National series is the SATURN, previ-

ously called JUNO V. Actually JUNO V designates the first stage booster of a large muhi-

stage vehicle. This hooster is being achieved by clustering eight lCBM-type engines and
nine ballistic-missile-type tanks [5] to folm a vehicle with a gross weight of about 3/,t mil-

lion pounds. Second and third stages will have to be provided in order to make a com-

plete vehicle of SATURN. The second stage is about the size of an ICBM, will use con-
ventional fuels at first and will he designed tot high altitude operation. The third stage is

smaller, and may use conventional timls at first, but is planned ultimately for hydrogen as

a propelhmt. Tl'lis vehicle will be capable of placing ve W large payloads (1ti-15 tons) in
orbits around the earth. A Dqpical mission would involve sending a crew of 5 men into orbit

with enough facilities to sustain them for a hmg period of time, say several months, and

the necessary equipment to permit them to perform experiments and make observations.
SATURN may well become the basic vehicle for orbital supply missions, involving the

transport of food and supplies to crews in orbit, the exchange of crew members, and the

transport of additional fuel and equipinent to the orbiting vehicle. In order to perlorm
these latter functions, techniques of navigation and rendezvous will have to be worked

Ottl. When used for lunm" and plan_ till'}' exploration, unmanned of conrse, the SATURN

space vehicle has a Ioad-car_qng capability of bem, een 1 anti 4 tons. Starting aboul 1963,
Ibis vehicle should see use for at lt!ast 5 and perhaps 10 years alld inay ill time, become

one of d_e most versatile vehicles in tile National series.

The tonrth general purpose vehicle of the National series is the NOVA, an entirely

new vehicle based upon use of the one and one-half in(Ilion pound thrust engine recent-
Ix' initiated. The earliest possible use of the large engine would come about by using a sin-

gle unit to propel a [6] first stage booster. In this configuration, however, it would be
about lilt, same size as JUNO V and would he competitive to it. Therefore, the first use of

the large engine is planned ti)r N()\_\; tile first stage of which may employ a ch,sler of four

of the large engines yielding a total thrust of six million ponnds. The vehicle's second

stage would be powei+ed by a single million and one-half pound thrust enginc and the
third stage would be about the size of an ICBM but will rise hydrogen as a fuel. ,,ks present-
Iv conceived, this vehicle would stand 26(1 ti'e! high. NO\f\ is the first vehicle of dw series

tilat could attempt the mission of transporting a man to the surface of the moon and

returning him safely to the earth without use of orbital supply operations.
With advances in the state-ofothe -art which must surely occur over lhe next 5 to

10 years it is conceivahle that the NOVA would be improved to transport say 2 or 3 men
on the earth-moon and return mission. Four additional, stages above the three aheady

Inentioned are required for the hmar return mission including Ille rockets fi)r landing on
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themoon,takingofffromthemoon,andti)rre-entryinlotileearth'satmosphere.NOVA
hasthecapabili_'of transporting,if it isneeded,verylargepayloads,ontheorderof 75tons,intoearthorbits.

NASAisnowsupportingPr_!jectROVERinanticipationofusingnuclearenginesin
the1965to 1975period.Althoughit istooearlyto designale specific uses for nuclear rock-

et vehicles, they would probably be mnployed first as upper stages fbr Saturn and Nowt.

A wide variety of low thrust engines and vehMes can be conceived ti)r space /ravel.
These are vehkles that do not land or lake-off fv()vn [7] celestial bodies but are used as

ferries, so to speak, bcfween orbiting slations. The engines employ various combinations

of nuclear, elcctrical and solar energ)'. Most of lhcse engines are in early stages of devel-

opment and would not see use in the near future. Howevm, they hold promise, owing to
their high efficiencies, of increased pavhmd-carrving capabilities in the ttlture.

Succeeding sections of this report are devoted to brief descriptions of existing vehi-
(:It's and their capabilities and the plans for new vehicles and their missions ....

Document 1-24

Document title: Development Operations Division, Army Ballistic Missile Agency,

"Proposal: A National Integrated Missile and Space Vehicle Development Program,"
Report No. D-R-37, December 10, 1957, pp. 1-7.

Source: Dwight D. Eisenhower Library, Abilene, Kansas.

In the month._ ]ollowinL_ the launches qf Sputniks 1 and 2, there was much activity a._ vaHou._ t,,roup._
attempted to stake out their roles in the emerg4ng U.S. space and missile buildu-p. 77_is report _um-

ma_4ze_ the arg'uments fin- a matin role in launch vehicle development put /orth &, 14,'brnher yon Braun

and hi_ rocket team, who were working under the command of the Army Balli._tic Mi__ih, AgenO_ in
Huntsville, Alabama. 7"he /ollowing is thejh:_-t _m,en paw_ °/the r@ori.

[original stamped "Secret," crossed out by hand]

Report No. D-R-37

Proposal

A National Integrated Missile and

Space Vehicle Development Program

10 I)ecelnber 1957

I)EVEI,OPMENT OPF;RATIONS DIVISION

ARI'vW BALLISTI(] MISSILE A(;EN(N

[ 1] PURPOSE

The purpose of this report is to review U.S. missile programs in the light of known

Soviet space tlight capabilities and to propose an integrated national missile and space

vehicle development program that will insure [sic] maximum security through appropri-
ate expenditure of manpowen facilities and money.

Tit(, need tot an integrated missile and space program within the United States is

accentuated by the recent Soviet satellite accomplishments and Ihe resuhing psychoh)gi-
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cal intimidation of the West. These t:acts (lemonstrate that we are bordering on the era of

space travel and must ve_' seriously consider the expansion of the principles of earth war-

tare to space warfare. A review and revision of our scientilic and military ett'orts planned

for the next ten years will insure [sic] that provisions for space exploration and warfare

are incorporated into the overall development program.
Because of the short time available for preparation this report is prelimina_' in

nature. It will be supplemented and revised as more possibilities are explored and more

accurate information is available.

STATEMENT OF TtiE PROBLEM

To outline a teasible plan which allows the U.S. to catch up and uhimately overtake the

Soviets in the race for scientific and milita W space supremacy without upsetting the Nation's

economic stability disrupting the manpower balance and draining national resources.

ASSU MPT1ONS

1. The national objectives should include achievement of the fi)llowing:
a. Reaffirmation of national scientific and technological supremacy.

h. Provision of adequate defense against the Soviet capability to engage in space

warlare.

c. Expansion of the national deterrent capability to include space warfare tech-

niques.
d. Evolution of a national capability tot space exploration.

[2] 2. The development program should be conducted on a national basis devoid of the

personal interests of any individual military or civilian group or organization.
3. Maximnm use should be made of existing development teams and available hard-

ware wherever possible.

I)ISCUSSION

I. AMERI(L_N vs[.] SOVIET SA'I'HJ,ITE AND MOON FI,I(;HT (:APABILITIES

The launching of SPUTNIK 1 on 4 Oct 1957 and SPI!TNIK II on 3 Nov 1957 demon-

strafed clearly 1he Soviet capability in tile field of long range rockets and orbital tech-

niques. The l_r.s, satellite capabilities are inadequate in schedule and in satellite payload

weights. Figure l shows the present and anticipated Soviet and U.S. satellite capabilities

ph}tted against time. If these estimates are correct, the Soviet capabilities cannot be
ieached and surpassed before 1962 or 1963. This prediction is based on the assumption

that immediate development of an orbital carrier with a booster stage of at least 1.5 mil-

lion pounds of thrust will be initiated without delay. The Soviet lead is due largely to their
early eflort in developing large rocket engines in the 300,000 pound thlust class. A conl-

pari'son of U.S. and Soviet moon flight capabilities is sbown in Figure 2. The Soviet carri-
ers are identilied on these charts bv the engine take-oft thrttst expressed ill thousands of

pounds ("K" equals one thousand p'0unds) for the individual stages. It is again very unlike-

ly that the Soviet capahilities can be surpassed before 1963 because of their lea<l in basic

transportation vehicles.
The key to rapid improvement of the U.S. capability tot orbital and moon tlight inis-

sions lies in an accelerated development of powerfill booster stages. The overall impulse

of the ICBM booster stage is illsufficient fi_x any large unmanned or lnanned space tlight

mission. A larger booster than the ICBM type booster is a mandatory requirement.
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2. BU1LDIN(; BI,OCK SCHEME SUMMARY

A logical booster developn+ent sequence is portrayed in Figure 3 which depicts five
basic fmnilies:

a. REDSTONE booster (Booster I; 78,000 potmds lhlusl).
b. JUPITER booster (IIa; 150,000 pounds thrusl).

c. JUNO IV booster (Ilb; 380,000 pounds thrust).

[no page lltun])cl]

f.f

1
m,

l 1 L__
BOOSTER I I"10 rl b Tn' 0 'lWb

78 K 150 K 380K 4x 380K I,O00 K

l'_t¢u te 3. 7_s]_ir al Booster t'_ mi(_, a_ lla _tc 7"ra n _portation Elemen t_

[3j d. SL!PERJUPITER booster (Illa; cluster of Ibm- 380,000 pound engines).

e. SUPER JUPITER, second generation booster (IlIb; 1,000,000 pounds thrust).

The JUPITER booster appears in the sequence because of its availability in the desired

time scale, and because detailed performance data were on hand. The study could as well
be based upon other choices.

Application of each of tim five basic families to specit]c imvposes is portrayed and dis-

cussed in Appendix A. Sufficient technical data are tabulated so that performance tot each

application can be indicated. The purpose of this portion of the study is to indicate the tlex-

ibility inherent within each f_mfily and the total program. The study also illustrates how

work performed with one booster can contril)ute to the development of the next larger

one ot +can provide an upper stage for a larger multi-stage missile. Interim and elllt+l'g<.'ll('+v

capabilities can be readily achieved as an outgrowth from the basic ho<)ster deveh)pmctH,

in much the same way as a })ranch depcnds upon the tt+unk of a ttec lot its growth.



10_ A( :( :ESS '1"{_ St'A_ :E: STEI'S T( ) T1 [E SXFI IRN V

3. INTEGIL_.TED MISSII,E AND SPACE \@2HICI.E DEVEI.OPMENT PROGRAM

SUMMARY

A U.S. satellite capability of 20,000-30,000 pounds will be required by 1963. The

Soviets will be able to attain the necessary booster and stages with the existing 264,000

pound thrust engine or the 8'20,000 pound thrust engine reportedly in development.

It is imperative that the NAA [North American Aviation] E-1 380,000 pounds thrust

engine development be accelerated and that highest priority be given to a developlnent

program incorporating tllis engine.

A logical short-cut development program m attain the 20,0(J0-30,000 satellite by 1963
would be a booster of 4 x 380,000 pounds thrust, a second stage JUPITER booster with a

380,000 pounds engine and a third stage JUPITER booster-payload with existing

150,000 pounds thrust engine.

The space vehicle program should be organized into---
a. Orbit carriers for the transportation of cargo and personnel from the earth's

surface into a selected orbit and back.

b. Scientific and military, unmanned and inanned satellile vehicles for accom-

plishing such missions as reconnaissance, satellite intercepts, scientific
research, etc.

[4] c. Moon flight missions for purposes of scientific research with manned land-

ings and return.
It is very important that every effort be made to accomplish a U.S. manned moon

landing prior to such a feat being done by the U.S.S.R. This is an exlension of the manned
satellite and could be accomplished by approximately 1967.

Recommended development programs for orbital carriers, instrumented and
manned satellites and moon vehicles are tabulated in Appendix B. The development pro-

grams are treated by logical teams, time scales for development and operational phases,

payload capabilities and estimated project costs. In addition a recommended engine

development program is outlined as a critical component development requirement of

the overall plan.

4. COST AND SCItEDULE

Some actual and estimated overall costs tor indi_4dual projects and missions have

been inclnded in Tabs XV thru XVII. These were estimated on the basis of actual project

expenditures, eslimated manpower requirements, team strength, number of flights

required for individual missions, available figures of cost per missile and missile launch-

ing and some relationships between cost and weight of components. In spite of the ['act
that best available sources and judgement [sic] were used, the given figures are consid-

ered approximations only, especially for the larger satellite and moon flight projects antic-

ipated to take place about 10 years from now. These estimates, however, serve to illustrate

the order of magnitude of effort or money involved and an average expenditure per year

to be expected for the program under discussion. It should be mentioned that the annu-

al supporting costs for maintaining permanent manned satellites are not included in the

figures given in Tabs XV thru XVII. For a 50 man satellite, for example, ntaintenance costs
will be in the order of 100 to 200 million dollars per year; for a 20 man satellite approxi-

mately 50 to 100 million dollars per year. Thus, the overall cost tot the space flight pro-

gram proposed in Tabs XV thru XVII will be approximately a_sfollows for the time period
of 1958 to 1971:
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Millions {}f'$

[51

Orbital Carrier Program 2,600
Satellite Program 2,500

Maintenance 20 Man Satellite 1966 thru 71 450

Maintenance 50 Man Satellite 1968 thru 71 600

Moon Flight Program 3,500

Component l)evelopmen! 2,8(t{)

Additional Facilities 550

Grotmd Organization and Operation 1,000
5 Percent Inflation Rate 700

14 Year Space Flight Program Total Cost

Estimated $14,700 Mil

Average Expenditure Per _ti'ar
(1958 thru 1971)

$1,050 Mil

Estimated Annual Supporting Research
and Experimental Models 450 Mil

Total Per Year $1,500 Mil

These expenditures would have to be spent in addition to the present milital), missile

program. The development and pr{}duclion costs tot the present Air-to-Ail, Air-to-Surface,

Surtace-to-Air, and SttrI_tce-to-Stuthce missile projecls, including the IRBM and ICBM pro-
grams, are not inchlded in these ligures--only the effort required for lhe moditications
necessary for the space tlight program under discussion.

The schedules given in Tabs XIII thru XX are derived on the basis of current experi-

ence and the assumption that a national missile and space tlight development program will

be established anti authorized in early 1958. It is also assumed that the individual deveh}l)-

mcnt temns obtain assignments with respect to their ('ontrihution to the overall pr(}gram
early enough to be able to carefully define rite overall systems and to plan for a realistic

operational date. With these principles as bases, the following U.S. accomplishments in the
achievement of space superiority are attainable and should be strived [sic] for:

Jan 1958 1st 4 lh and/or 20 Ib Satellite

.Jun 1958 1st 100 lb Satellite

Jan 1959 1st 5{111lb Satellite

Al)r 195q 1st 100 Ib Moon Flight (hard landing)
Spring 1960 1st 2000 Ib Satellite

Fall 1960 1st 100 lb Moon Flight (soft landing)
Spring 1961 1st 500(t lb Satellite

Spring 1962 1st TV Instrumented Moon Circumnavigation
Fall 1962 lsl Manned Satellite (1 to 2 man)

Spring 1963 1st 20,000 lb Orbital Capability

Fall 1963 1st Manned Moon Circumnavigation
Fall 1965 1st 20 Man Permanent Manned Satellite

Spring 1967 1st Manned Moon l,anding & Return (3 man expedition)
St}ring 1968 IO{; 5{l-Man Permanent Manne{l Satellite

1971 50-Man Moon Expediti{}n
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[6] (;ON(iLUSI()NS

1. All integrated missile and space flight program is feasible and essential for nation-

al sttrvival.

2. It SeelllS possible to overtake tile Soviet capabilities provided an a(lequale long

range st)ace flight progranl is instituted immediately.
3. The estimated annual cost of the program desceibed [sic] in this report (in addi-

tioll to the present missile pr<_gram) is 1.5 billon [sic] dollars.
-I. This U.S. space flight plan can be achieved without upsetting the nation's two-

nomic stability, manpower balance and other national resources if:

a. The plan makes nlaxilnum utilization of existing teams and hardware devel-

oped under existing missile programs.
b. The plan provides for adequate supplemental programs to dew'lop essential

hardware and techniques not provided in present programs. The most ttrgcnt of

these is developntent ot +large boosters.

c. The program is closely coordinaled with the militalT+' missile program and is

based upon lhe same transport vehicles.
B. The alh>calion of work loads to specitic teams should take the following tat|ors

into act'ottllt:

a. Matching of required techniques to skill, experience and t_cilities that the

team possesses.
b. Availability of team capacity.

6. Devetopmetlt of the large (1520 K-pounds thrust) booster is considered the key

to space exploration and warfare.

RECOMMENDATIONS

I. That the development of essential components and long lead items such as the

4 x 380,000 pound thrust power plant package be initiated immediately.
2. That an integrated missile and space vehicle development program wit|l immedi-

ate long range task assignment to individual teanls be authorized without delay.
[7] 3. That each development teatn I)e assigned system responsilfilily for a complele

phase of the program to assure maximum economy and acceleration of the development.

For example, the payload stage of the basic orbital carrier vehicle will can 3, the compo-
nents (>t any manned satellite or space vehicle into the orbit and the design of these satel-

lites and space vehicles should be carried OIll concurrently by the same team to insure

[sic] t+naximun _-use of available components and t() minimize effort.

4. +l'hat the primary goal of the space flight program tor the next 10-12 years be the

accomplishnmnt of at manned Moon landing and return to Earth.
5. That maximum use be made of the transportation provided by the development

i)rogram for all kinds of scientific exploration of the upper atmosphere, space environ-
men| and celestial bodies [such] as moons, planets and the Stilt. The tthimate use of space

vehicles will be as carriers for men and instruments botlnd to resolve lhe laws and secrets

of natttre for the benefit and progress of mankind.

6. That an early scientific space exploration program be developed paralleN to tile

space vehicle program and coordinated with the individual development phases. This sci-

entific sl)ace exploration program and allied military programs should be used as tit(' basis

ot +the integrated o|)eralional space program which will start as soon as Ihe individual car-

riers become available....
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Document 1-25

Document tide: Abe Silverstein, Chairman, Source Selection Board, Memorandum for the
Administrator, "Recommendations of the Source Selection Board on the One Million
Pound Thrust Engine Competition," December 12, 1958.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

In 195& soon after it beL,an @elation, ,VA,S\4 b%,an the procurement o/ a nmv million-pound thru,_l
liquid-/uel rocket enlrine de.@,maled the F I. The pro,&,_am had been iniliated b_, the Air l'brce, but it

was tran,y/i,ned to _%)ISA as part 4the redZ_t_4bution 4space prol_ram.LJbllowin_ the 1958 creation

o]lhe Arh,ancd Re_eanh Projecl._ Agen O, and NA,'%t. 7he I"-1 enKine, a_ eventuall_ dcvel@ed, pro-

duced 1.5 million/rounds 4thrust a.d was uwd in a cluster q/five on the./h:_t sl(;L,e o/the Saturn

V. 7hL_ memorandum/Tyro/VASAIs Source Sdectim_ Board document_ the _eleclion of the Ror'ketd_'ne
l)ivi._io, o/North American Aviation to dt_elop the new enC(hle. 7'he two allachme_tts menlione/f in
this memo are not included hem

[l

MEM()iL_NI)UM fi>r flw Adminisuau_r

Washinglon 25, I).C.

December 12, 1958

Subject: Recommendations of tile Source Selection Board on the One Million Potmd

Thrust Engine Competition

INTRO1)UCTION

Extensive exploration of space beyond lhe sensible atmosphere will ew'nmally require

bo<)ster w'hicles with several million potmds [of] thftlst. A ,,,+,i,,,+step in this direction is

the development of a million lmund thrust engine which can be used singly or in cluslers.
To this end, the National Aeronautics and Space Administration has initialed a research

and deveh)pmenl type procurement tbr a million pound fluust, single chamber liquid

tilel, mckel engine. It is expected that several years will be required Io complete this pro-
jecl. The initial actions taken Io dale include the tifllowing:

()(lober 14, 1956-- lnviutlions to altend a brieting by NASA persomml at NASA
t [dqls Oll the proposed pl'()('tlFellleIl[ Wele extended to sevell

C()II I[l';IC|O rS--Ilitlll ely_

Rocketdyne, a Division of Norlh American Avialion, Inc.

Aefoiet-(;eneral Corporation

Aircraft (;as Tmt:,ine Division [of] (;eneral Electric

Pratl itlld X%qfimey Aircndi I)Msion of Uniled )drcntti (;oq)_ WillJoll

Reaclion Molors Division of Thiokol (:heroical (]orporation

Wrighl AeronatuMtl Division, (hnliss-Wrigh! Corporalion
Bell Airtralt {',Ofl)oration

(){'I{}b{T 21, 1(.)58 -- Briefing of inviled {:{}lllrit{'l{)r.
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October 23, 1958 -- NASA Specification t-I_10 (Auachmcnt A) sent to invited

contractors.

[2] Novend)er24, 1958-- Six contractors sulmdtted propt)sals: Bell Aircraft

Corporation declined to propose.

On November 24th, two assessment teams were organized for purposes of making a

thorough analysis of the six proposals submitted. On December 2nd a Source Selection

Board was appointed to ewduate the l_,-oposals. One of the assessment teams consisted of

scientific and technical specialists and tile other of cost and management specialists. (The

membership of the two teams is listed on Attachment B). The teains were relieved from
all other work. For two weeks, the two teams conducted an intensive and exhaustive analp

sis aim comparison of the Proposals and they prepared themselves to present their tind-

ings to the Source Selection Board.
On December 9th [,] 1958, the Source Selection Board was convened. The purpose of

the Board was to review and evaluate tt_e entire matter and, 0]ereupon, to recommend to
the ,Mhninistratt)r the seleclion of a contractor for the development of the engine. The

Board (onsisled of:

l)l: A. Silverstein, Director of Space Flight Development[,] Chairman

Mr. J.W. Crowley, Director of Aeronautical and Space Research

Mr. A. Hyatt, Assistant Director for Propulsion
MI: R.E. Cushman, Procurement and Supply Otlicer

ML Robert (;. Nunn, Jr, Assistant General Counsel

The Board remained in continuous session during December 9th and l(hh, and

rcconvened again for several hotlrs Ol1 December 11 th. During this period che Board thor-
oughly reviewed the work of both assessment learns. All team members were available to

the Boaid for questi(ming.
Thr following main sut)jects were considered by the Board in the technical area:

Thrust Chamber and Injector

Turbo Pump Assembly
(]ontrols

Overall System Design Features
Materials and Methods ()f ('onstruction

Scheduling

Test Program

Technical Capability

[3] In the lllallagenletlt arc:,|, the tollowing ttlaill subjects were considered:

Availability of Facilities

Availability of Manpower

Realism of Programming

(]()st Estimating

History of Past Pertormance

Management Cal)al_ility
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[4] E\'?M+UATI()N

The following paragraphs set [brtll the factors supt)orting the recommended selec-

tion of a contractor with whom tile procurement should, in the opilfion of the Board, 1)e
placed.

Curtiss-Wrighl Corporation:

Tim (;urtiss-Wright proposal tails to comply with three important requirements

expressly contained in the NASA Specitication HS-10 governing this competition.

Specifically, Curtiss-Wright (a) fails to make any provision for a changeover to non-
cryogenic propellants as required bv t1_10 (b) tails to make any mention of the manner

or possibility of up-rating the engine to 1.5 million pounds thrust, as required by H_I0;
and (c) fails to base its proposal on the use of suitable test facilities to be located at

Edwards Air Force Base, California as required in HS-10, but requested instead the devel-

opment of a new test and St,l_[)ort tacility to be located in the vicinity of Reno, Nevada.

Because its proposal fails to comply with tlwse tlu+ee major requiren_ents, the (;tntiss-
Wright (kwporation was deemed not responsive.

(;eneral Electric Company:

The (;eneval Eh'ctric proposal is based upon a design which may be referred to as "the

plug nozzle concept." No rocket engine of any size has as vet been ])uilt using lhis princi-
ple. One of the primm T advantages claime<l [{>r it, namcb; , less likelihood of combustion

instability, is of dubious validity. M<)rcovel, the total heat to be removed from this engine
is estimated to be al)out 60% greater than from conventional engines. The method of

providing vector thrust t:(mtrol would present unusual and dilfictth design and develop-
ltlellt ])l'()l)]t?lllS.

The (;encral Electric (_ompany als<) proposed io inaugurate a new deparmmnt at

Schenectady, New York, to execute this progranL Their main effot-t in rocket engines now
is centered at Evendale, Ohio.

Ahhottgh the General Electric proposal is next to the lowest in estimated cost, its pro-
posal lacks realism in that the test schechtle and total test man-hottrs are (¢)nsidered too
low. A more realistic test program would, t)f course, raise the cost estimate an indetermi-

nate |)tit sttbstantial alllotlnt. Ill general, the (;eneral Electric proposal appears to be a

high risk development program with insufficient compensatory advantages, h is ahogeth-

er undesirable to undertake the development of [5] the million pound engine and at the

same time attempt to develop the plug nozzle COlltellt ()t clesign.

Thiokol (:orporation, Reaction Moto,s Division:

The Reacti<m Motors prot)osal is teclmically conventional but inferior in dcsigu in

terms of the present state of the art. The engine is the heaviest and largest of all propos-
als t-eceived, lu addition, Reaction Motors proposed to develop the tl,rust ¢hamber in con-

.jllVl('tioI1 with the turbo-ptmq). Since the thrust chamt)er and the lurl)o-lmm I) will initial-

ly t)e highly experimental devices this would mean thai whenever a change on either the

thrust chamber or turbo-ptmq) was necessary, development testing on both would stop+
Technically this approach is unsound anti +unacceptable. The scheduled numl)er of

engine tests and total engine test time is very low and unrealistic tin the kind of develop-
ment involved. Reaction Motors std)milted the highest cost estimate received, h was

almost twice as high as the nearest con)petitor. Reaction Motors does not hay(" ade(luate

physical tacilities or techni(al capability within its ()rganizalion t() do the work requited.
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Pratt and Whitney:
Pratt and Whitney is one of tile outstanding turho-machinery companies in the

world. Howevm, theyhave no experience in the development of large liquid rocket

engines. This t:ac't is reflected in the sketchiness and incompleteness of the technical and

other phases of their proposal. Serious difficulty was encountered with the Pratt and

Whitney proposal as presented in thai it did not adequately specify many major factors
such as thrust chamher and rejector method of construction weights, dimensions, and

other details. This deficiency is apparent in their unrealistic cost estimation. They also lack

proper facilities tor this work. Pratt and Whitney states that they will huild some facilities

at company cost and in addition will require government film|shed facilities to the extent

of $6,297,000.
The cost estimate submitted is the lowest of any proposal received and clearly reflects

a lack of appreciation of the magnitude of the tasks. A more realistic appreciation and

programming of necessary tests would however raise tile cost considerably.

[6] Aero.jet and Rocketdyne;
Both the Aerojet and Rocketdvne proposals show a sound appreciation of the task.

Both conq)anies are believed to be'capahle of developing the one million potmd engine.

The Board has weighed all areas of these two pr<)posals carefidly and has determined that

the Rocketdvne proposal is the superior proposal.
Particul(u points of dift_.tence between the proposals and some of tile argnments tk)r

rating the Rocketdvne proposal superior to that of Aerojet are set forth below.
(1) The Rocke+tdyne development program shows a mature appreciation of the major

technical problenls and in addition is backed-up hy ahernate design concepts and hard-

ware. The Aerojet proposal ahhongh containing a number of novel features is committed

to a single design apl)roach with almost no concept back-up.
(2) The Aero.jet thrust chamber design cools the chamber with only 10 percent of the

total ftiel flow. While this concept provides for a light-weight thrust chamber, the decision

to list! Olll",' I0 percellt C,l the fnel as coolant results ill marginal cooling. Extension of
thrust from 1.0 to 1.._ million pounds and conversion from cwogenic to storable propel-

lants will most likely necessitate revision or redesign of the thrust chamber. Furthermore,

the suggested mett{od of cooling tile comhustion chamber, by the use of fihn cooling, is

not only unproved ill large-thrust engines but tile method of accomplishing it is not clear-

ly ])lit f_)rth in the proposal. Rocketdyne proposes a conventional thrust chamber cooled
hv all the titel. This engine is accordingly heavier but should avoid the heat transfer prob-

lems of the Aerojet proposal.
(3) Both Aero.iet and Rocketdvne tttrbo-pumps are direct drive arrangements, there-

fore, potentially more reliable lhall the geared arrangements used by the other contrac-
Iot'S. Both lise t}i-propellant gas gelleral{)rs. They are equivalent ill t}ump and turbine
hvtho-aero-{lvnaniic and mechanical design. The Aerojet t)lunp delivers propellant at a

plessure {mix" Bt)0 psi ahove the chamber pressure. This low pressure differential offers lit-
tle or no margin tor correcting dif|iculties that might develop in tilt: engine testing pro-

gram such as, R)r example, additional pressure drop if the cooling of tile thrust chamber
inust he increased. The Rocketdvne pump delivm T pressure is ve O' high, that is, over twice

[the l chamber pressure on thefuel pump and 180 percent of chamber pressure on the

oxidant pump. These high pressures require large horsepower from the [7] turbine with

consequent large gas generator propellant consumption. While these pump outlet pres-

sures may appear unnecessarily high, the approach is conservative and provides, at tile

cost of slightly lowered overall' specific impulse, a wide pressure margin for controlling

heat transtk't + processes and possible comhustion driven oscillations.
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(4) The Aerojet controls are sinlpler, nlore straightforward and, although experi-
mental, may be regarded as superior to the Rocketdvne proposed controls. However,
Rocketdyne Proposes to use a control system which has' previously been used.

(5) Both Rocketdyne and Aemjel have, in general, well balanced test Programs.
Rocketdyne is considered to have t|le nlore realistic schedule. By reason of an Air Force

"feasibility" eontract, Rocketdvne will have test |_wilities which wiil permit thrl,st chanllx.r

tests eight months sooner tha_l Aero el. (;enerallv speaking, the thrust chaml)er develop-

nlent work will pace the engine development. Rockeldvne proposes eleven monllls more

than Aerojet lot full scale testing to PFRT (Prelinlinar,,i Fligln Rating Test).

(6) In tile overall systenl arrangenlent Aerojet au_tches the ttnl)_-punll) Io tile tixed

portion of the engine nlount. The result is that the high pressure (700 to 1000 psi) fuel and
oxidant lines must have t]exiblejoints. Rocketdvne on the other hand mounts the turbo-

ptun 1) assembly on the movable portion of tile e'ngine. This arrangement pernlits the flex-

ible lines to be on the low pressure (50 psi) side of [lie pUnll3S , which is more desirable

(7) The Rocketdyne prolmsal is considered to be superior in the areas of fat|lilies,

manpower, and nlanagenlent. Rocketdvne has ill existence more facilities and more avail-

ahle skilled nlanpower directly applicaf)le to this program than any other conlpany. It has

more previous experience on large liquid rocket engines. These factors coupled witll the

excellent nlanagenlent concept in design approach and test scheduling extending over a
hmger period of time resuhs ill the conclusion that the Rocketdvne proposal is the most
realistic of those submitted.

(8) The Aerojet and Rocketdyne cost eslimates are witllin 5% of each other ill total

dollar aHlotnl[. This small difference in cost and considering that tim contract will most

likely be a cost plus fixed fee type conlract nlakes tlle weight to be assigned to die cost fig-
ure, in tim overall ewfluation, of relatively h>w inlportance.

[8] CON(:I,USI()NS

The Source Selection Boards, after a Ihorongh evaluation of all factors relevant to this

competition, has determined that the proposal of the Rockeldyne Division of Nordl
American Aviation is the best overall proposal submitted.

RE(:OMMENDATION

The Board reconnnends that tile National Aeronautics and Space Adnlinistration
undertake negotiations with the Rocketdvne 1)|vision of North Aflmrican Aviation on a

definitive conllacl It) develop I000K pound engine and that a let/m be Sell| Io that com-
pany initiating such negotiations.

Abe Silverstein,

(;hairman, Source Selection Board

00cument 1-26

Document tide: Roy W. Johnson, Director, Advanced Research Projects Agency, to
Commanding General, U.S. Army Ordnance Missile Command, Huntsville, Alabama,
ARPA Order No. 14-59, August 15, 1958.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.
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After witnessing the l!fi eapaei(v o/Soviet rockets, _/.S. O[]icials decided to deveh_p a la,_e t,o,,._ter capa-

ble +¢[launehing very' heavy loada. The Adva,eed t¢,e._eareh l¥ojects Algen 0' (ARPA ), which wa._ coor-

dinating military space activitiem_, authorized $5 mill|o, in 1958 ]br the Army Ordnance Mi,s.sile
Command (AOMC) to |nitrate the development o/ a bomter with 1.5 million pound._ oJthru._t. 7b save

the time and mone_, invohmd in deveh_pinlz a m,w enLrine, the booster wa.s to achieve thi+ thrust _wl

by using a cluster_,t eight existin/z rocket enL_ine._. 77\is bemire eventually" evolved into the Saturn 1
and Saturn IB vehicle.s used in the Apollo program, l, .fitct, the Satu?vi IB launched the Apollo 7

[light into Earth orbit.

__+

[ 1 ] ADVAN(;ED RESEARCH PRO.]E(]TS A(;ENCY
Washington 25, D.C.

ARI'A Order No. 14-59

August 15, 1958

TO: Commanding (;eneral

U.S. Army Ordnance Missile Command

Huntsville, Alabama

1. Pursuant t() the provisions of lhc DoD Dire(:tive 5105.15, dated February 7, 1958,

vol.l ;lle requested to proceed at once on t)ehalf(ff tlae Advanced Resear(h Proiects Agency

With lilt" project specified below. Additional details and directives will be issued by ARPA
f,-om timr to time and will become a part of this Order when so specified.

9 Initiate a (l('velopment t)rogram to provide a large space vehicle booster of

at)proximately 1.5 million pounds thrusl I)asc(t on a cluster of available rockm rngines.
The imme(lialc goal ()f ibis program is io (Icmonsiratr a lull-scale (:apfivr dynamic firing
t)v dw en(l ()f (-,drn(lar year 1959.

3. You will submit, as soon as possil)lc, fi)r review and approval by the A(ivan<c(i

Research Pr()iccls Agency[, 1 a detailed dcvelopmrnt and related financial plan covering ill("

program. These data shall include a time-phased schedule of work and csiimalcs toe work

to bc pcrlormed (a) by AOMC, (b) by contract, and (c) at other gow, rnment tacilitics.
-t. This Or(lee makes available $5,000,000 under appropriation an¢l account symbol

"97X0113.001 Salaries and Expenses, Advanced Rcsear(h Pr()jects, Department of

Dcl_!nse" for obligation by the Army ()rdnan((' Missile Command on behalf <)f the!

Advanced Research Pr(!leClS Agency only toe puri)oses necessary to accomplish the work

specified here|p,. These fun(is are immeiliatelv available tor (tirccl obligation and lee use
in rriml)ursing lhe ANny ()rdnance Missile + Command [or costs incurred under this

OMer. Upon apl)r()val of (tcvclopnienl an(l financial plans, as required herein or in a((()t-
(lallCC wilh aniendnielilS lo this Order, ihesc fun(is will I)e iil{TCaSt'(l as appr(ipriaic.

5. The l)irccl()r, A(lvanccd Rcscar(h Pr(_iecls Agency will pr(Md(" policy alid lcch-

nical gui(lallce, ciillcr dirccil_' ()r through desigllaled rcsidcnl rel)rescntaiivcs- The Army
()l(|ilalilc Missile (]oiiiillali(| [_] will I)e responsit}le for arrangillg l{>r tlic (lclailc(| icch-
nica] (tirecii(in lie(essarv Io a((:onii)lish lhc specified obj(wiiws and Io c(Inll)iy will| AI_,PA

policy and lechliica] _lli(tailcc. This g(,ii(!ral reialiOllSlli|) may l)c Sl)ccitic(l ill I_rcaler (letail

I)v aiileil(hlieni to lhis Order if such aciiOli is ile(-cssary.
6. The Dirccior, Advan(cd Research Projecis A_elIQV ali(| tliC OlfiCC Of die Seciclal'y

()t i)efensc will 1)v kep! iilt])iillt'(| I)y sti(h illaiia_ellielll+ technical ail(l acCOlllllili_ r('l)(>rls

|is lllTly |)t" t)rcscril)e(t ])tllSti_llll Io lifts ()rd('l.

7. The use of equipnieillL alld inaleriais procure(l ill cOiilleciion with this i)mjeci is

sul}iccl to (lirecliOli o[ ARPA aiid all rcporLs, manuals, charts, (tara alld hll])rination as |nay

Iw colh'cle(t or l)rei)are(l hi ('t)llllt'Ciioil wiih the project shall t)e ilia(if available io ARPA

prior I(> release t<) ()thei+ a_Cll(:ics ()r in(tividuals under procedures it) 1)r approved.
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8. AOMC shall be responsible for preserving lhe security of tl_is proiecl in accor-

dance with 111¢"security classiticalion assigned and Ihe security regulations and procedures

of lhe Deparlmenl of the Army.
9. Notwidlslanding any other provisions of this Order, AOMC shall not be bound it)

take any action in connection with the pertormance of this work that would cause tile
amount for which the (;overmnent will be obligaled hereunder to exceed file funds made

available, and the ohligalion to the AOMC to proceed with the perimmance of flats work

shall be limited accordingly. AOMC shall be responsible for assuring that all commit-

ments, obligations and expenditures fo [sic] die funds made available are made in accor-
dance with the stalutes and regulations governing such matters provided I|lai whenever

such regulaiions require approval of high amhorily such approvals will be obtained from

or through the Director, ARPA, or his designated representative.

Roy W. Johnson
Director

co: Secretary of the Army

[stamped "Classification Changed To: t NC1ASSIFIED By Authority of SCG-6, Dale

5-6-70, By I.ois F"]

Document 1-27

Docmnent title: EC. Schwenk, Memo for Record, "Visit to ABMA on June 16-17, 1959,"

June 24, 1959.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

In late 1958, _\_4SA had been unsucces._[id in its hope to have the yon Braa_ r0eket development team

trans[erred to it ]_om the Army BaUistic Missile Agency (ABMA); the Army's b,adeT:_hip had resisted

the change, and the l)qmrtment of 1)e/ense or the I_/hite Hotoe had not overruled that resista_we.

Althoug_h NA,gA hoped that that decisi_in miEht be revel;_ed (as it was in late 1959), it also recognized

that it might have to cooperate with the Arm3,-led leant to obtain the I_tuneheyzg needed./or ambitiou._

[uture mi._._ions, particularly haman [lights t_ the A.loon. I?,Vmid-1959, sueh [light._ had ah_'ady been
identiffed a._ a lonE-term Koal °[ NA SA's h u man spaceflight /n-og'ram. Th us in mid- 1959, a NASA

delegation led by (;eorce M. Low, then Program Chic[ .fi_r A.lanned Spaee l"li_ht at NASA

Headquartm:_, made an initial visit to Huntsville _o the L,_oup could better _tntte_tatld the potential

tttrl _tmtl'_o[the Sat " [ i _ _![launeh vehicles.

|all pages [mmerly marked "(:()NFIDENTIAL"]

[11 I)PA (FCS:rlc)

.June 24, 1959

Memo for Record

Subject: Visit to ABMA on June 1(_-17, 1959

1. NASA represemalives attending these meetings were Messrs. Low, Disher, and

Schwenk. The main purpose of the meeting was to discuss programs relating to the Sattll'll
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system. In particular, we discussed the application of tile Salur]l system to a manned lunar
landing mission.

2. Saturn Development Program

According to the latest thinking at ABMA, the Saluvn program will evolve along two
nlajor lines. The first ov current line of development will use a thrust level of 1.5 million

pounds in the first stage and low energy propellants iu fl_e 1st and 2nd surge. In the 2nd
line (_f developnwnt, the Saturn will evolve as a vehicle having a take-oil tht'ust of 2 mil-

lion pounds. This thrust h'vel is achieved with 8 I_OX/RP engines. In addition, the 2nd

generation of Saturn will use high energy, propellants in the 2nd stage. This infi)rmalion
regarding the 2nd generation of" Sattun is dillS-rent front what we had known the devel-
opment program to be in the past.

a. Satul-tl I is based on ICBM hardware in the upper stages. The 2nd stage is a mod-

ified Titan and the 3rd stage is a modified Centaur. The propellant loading in the 1st stage
is 750,0(1(1 ll)s.; in the 2nd stage, 200,000 lbs. and :',0,000 lbs. in the 3rd stage. The Satutn
I will provide thv fi_llowing payloads: 30,000 lbs. in 96 minute otl)its; front 7500 to 8500

It)s. [br an escape mission and 5,000 lbs. in a 2'4-hour equatorial orbit. Each of these pa+x....
loads is an honesl payload; that is 2500 lbs. of guidance and control have ah+eadv been sub-
tvacted ftonl the vehicle capability.

The Salurn [ has an tuldesirable feature in that it will be very hmg. The resuhing low
bending frequencies due to tile long length will ct-eate problcnts in the control svsteln
dymunics. The cluster also has a low character|site fl-eqtmncy.

The basic Saturn I developnwn! program calls fi)r 16 flight vehicles and one t)ropul -
sion test vehicle. |'lit' ptopulsion test and the tirst four flight vehicles will use 8 engines of

165,000 lbs. of thrust. Slarting with flight vehicle #5, the individual thrust rating of the
engines will 1)e raise(t to 188,000 lbs.

A 1 to 1 mock-up of the thrust mounts and engines is being c(mslvucted cuvventlv. Tile

engines tot the propulsitm test vehicle and the filsl It)Ill flight vehicles have been or(]ete(l.

The litst hot lest o[ the system will be run on l)ecelnl)el 21 1959. The titst flight of lhc
bo<_ster will <)ccur in Oct()l)er 196<).

121 Flight vehicles Nos. l and 2 will be propulsion and flight tests of stage ()tie, only. M:!jor

obiectives of these tests will be to study booster performance, propellant depletion and
t)oosler lccoverv. Flight vehicles 3 and'4 will be propulsion teslis of stages I and 2 con>

bined which wiil place about 10,000 ]bs. in a low altitude olbil. A recoverable satellite,

much like a Jupiter nose cone, is phumed for these vehicles. The satellite will contain engi-
neering components and materials. According to the ABMA statt+ thele is tat NASA-
ARI'A-Air F<wce a(l hoc (onnnittee l)lan ring this engineering satellite.

\k'hich.s 5, 6, and 7 are not as ve ordered but ate planned toy the first half of 1962.

These vehicles will fly all 3 stages att+d will be research attd development flights. In the case

of lhese "{ vehicles, the 3rd stage will be a staudard (]entaur insofar as the propellant col-

time is concerned. With one of these 3 vehicles, a htmn satellile cottld I)e planned and
would ptovi(te an early test of gtti(tancc capabilities fi)r the advanced hmar missions.
Vehicles 1 throttgh 7 will cost al)()ttt $20 million each.

Vehicles 8 thrt)ttgh 16 ($15 million each) will tepresent the complete prototype vehi-

cle: that is with the fttll 1 1/2 mill|tin l)ottnd lhrttst on lh(" 1)oostev and 3rd stage of
50,000 lbs. [)rt)l)ellatl t cal)acity ' \_'hicle 8 could be readied b'+' August, 1962: a date of a

Mars opposition. My. Koelle sttggeste(I that NASA claint vehich +,#8 it+they ale intetested in

achieving this eatlv .\lats shot with the vehicle having Ihe capat)ilitv i8000 Ibs.) of the
S,ttm'n. The 16th flight vehicle is schedttled fi)r September 1963.

There is an interesting use of the Satttrn I vehicle as a space truck. A 2 1/2 stage version;

thai is with a 3td stage based on ;tJPl+ 6K storable engine instead of the (:entam +cottld place
fr<)m 15,(_)0 to 20,000 lbs. in a 300 natttical mile orbit. A preliminavv design of a capsule of
the Jut)tier nose cone type shows that fi'om 10 to 16 nten could tm taken into orbit and
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returned _qth this payload weight. With a D}l_a Soar t_l)e re-enlly vehicle, approximatek 3 to

4 men could be carried to orbit and be returned. By means of attitude (onlrol o(cot|lrol ilaps
lheJttpiter nose com_ can have a lifl-l(_trag ratio o/0.3. This litt-tt)-drag ralio attords sttltkienl

control so that the landing area required is only 10 miles iu diamelel: Mililalw missions may
require the Dvna Soar tx-pe of re-entry, vehicle, parlicttlarly if large numbers are io be used witfi

limited recovel T tacilities; however; fi)r non-rail|taw use, ihe,Jupiter _])e of re-entp¢ vehicle

appeat,'s teasible if the landing area can be kept to tfiis 10 mile diameter tigure. Constlquentlv,
this 2 t/9 stage version of Saturn i appears t() have suflkient i)ayload cal)abiliD_ to Iransti_r

men to orbit an(t return them for assembly or re-fueling or expevi,nen|al operations.

b. Saturn II must be viewed as an e'ntirelv new vehicle. It will employ the same type

of engine chlsler and tank clusler ;Is itL Saturn+ 1 for the l sl slage; however, the _2nd stage
will contain liquid-oxygen and liquid-hy(lrogru :is will Ihe 3rd stage.

The Is/stage will use the H-2 engine. This engiue is similar in size to the H-l; ht)wev-

er, it utilizes the Mark-t4 turbo-pump (an lair F()rce] devel<_pment) which will alh)w a

thrusl rating from 250 to 300,000 Ibs. The 131 1t-2 engiue does not use a gas genera/or fi)r

turt)ine power. II is planned t() extract hot gases from the t_tce ()1 the injector plate. Theseeight H " ,'
-_" engines will provide a take-off' thrust of 2 mill|tin pounds.

A modified optimization* of tile complete vehicle shows that the 2nd stare requires a

thrust of about 1 million pounds (oxygen-hydrogen propellauls). The 3rd stage requires
a thrust of 200-250 000 lbs. and the 4th stage requires a thrust t)f about t00,000 ll)s. The

Saturn It (3 stages) can provide a paylt)a(I or <)ver 70,000 Ibs. in the 96 minute orbit and

(:an soft land at)out 8 or 9 thf)usand pounds on the sttrtiice of the moon. These payloads
are COllSetvalive vahles base(t on ade(luale velot:ilv aSSlllnpliolls alLd conservative slrllCtllf'-

al weights. In addition guidance and (:onlro[ weights have been subtracled.
3. _laILned Lunar l+anding and RelL,rn '

+

According to ABMA estimates, a capsttle weigh! of 8000 lbs. is required fi)r this mis-

sion. This is the weight that houses the men and retttrns to lhe earth. If aerodynamic

breaking and re-entry is employed, the required weight fiom the surl_t(e of the mo<m jusl

prior to take-ofY is over 46,000 tbs. for a capsule weight ()f S001) lbs. In order 1o place a l)av-
load of 46,000 Ibs. on lhe surface of ihe moon, a weight ()f approximately 400,000 Ibs. ]s

required in a 96 minute orbit around the earth. These figures are based on the use of

hydrogen for the transfiw from the earth orbit Io Ihe lilt)Oil and tot landing on the m<,(m;
storable propellants are used for the lunar lake-oil. The calculali(ms are alst) based on very

consetvalive c(msuml)lion s tbr w_locilv requirements st) that those weight figures can t)_,

trusled. The question is: "How dr) we'get a 400,000 lb. t)avh)a(l iulo an orbit ar()und the

earth?" If we use Saturn I, approximately 17, vehicles will be required to build up this pay-
load and assembly in orbit will be a necessity, tfwe use Sallllii It, |!lell OIII.v 7 vehicles wiil
be required and n(, assembly in orbit is needed, only re-fiwling.

This technique of accomptishing any manned I{mar landing requires many develop-
ments in the technolog-},, ltowever, there are peculiar developments associated wilh Ihe

Saturn apprt)ach to a manned lunar landing; that is the |echniques t,f orbital rendezvous

and techniques ol +construction or re-fueling mttst t)e (leveloped. Not much detlnite can be

said about Ihe te(hniques ot +constructi<)n bttt there is a tbeling that re-fimling sh<)uld pose

no serious problenls if it is possible to have men lhere to oversee tile operation. This, in turn,

involves allowing tile men to come ()tit of the transporting capsules fiw purposes of making
connections fi)r the re-fueling operation. The opinions of the l)et)t)le at ABMA are that if a

man is at)le to gel OUl t)ta cal)sule and walk ar<,tmd ()n lilt, SUltilce ()[+lhe nloo,l, he shotd(l

be able to leave an orbiting capsule to work on Ihe refueling or assembling protcdures.

* In thr modified ol)timizati(m process, Ihr btH'uhlg ti111t' ol lht' tits! stage is Ina(Ic long enough so that
staging _ill ottu, alir_ the xchit Ic passrs Ihrough thr high Q rrgion
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Orbital rendezvous has not been demonstrated either and there have been many comments

about the difficulty of such operations as joining two vehicles in space. However, it is impor-

tant to put the problem of rendezvous into the proper perspective. According to Dr. wm
Braun, two elements are necessary for a satisfactory rendezvous in orbit, l_we must devel-

op a capability of establishing accuFate orbits; [4] 2--we must demonstrate the capability of
latmching our vehicles at a prescrihed time. l)r. yon Braun commented that the problem of

establishing an accurate orbit is easier than the establishment of a 24-hour equatorial orbit

which is planned rather seriously. Fm-thermore, the sending of a vehicle into an accurate
orbit is also much easier than the problem posed for the Nike-Zeus anti-missile-missile.

Compared to the guidance necessaIT for landing the vehicle on the moon, the guidance

required for establishing accurate orbits appears to be a simple development• The ABMA

personnel feel that the abiliD' to meet a prescribed launch time has been demonstrated in
two cases using rather simple vehicles,.]uno I1. The last two hmar probes launched with this

vehicle were fired within a few seconds of the prescribed launch time.

During our meetings, one of the ABMA personnel described a promising technique
Im the tinal closure of the distance between two vehicles in orbit. One of the orbiting vehi-

cles cnmld be equipped with a net which could be deployed and which would have a

slltl.rce i)f infra-red radiation in its center. The approaching vehicle could tire a small rock-

et guided by a host seeker to cant T a line to the net. Once the net captures the small rock-
et and the line, the two vehicles could easily be towed or pulled together.

The Saturn I1 vehicle appears to be the most reasonahle one to use |or this hmar mis-

sion since orbital assembly is not involved. Although the Saturn I may represent a cheaper

approach fl-om a vehicle cost standpoint, the costs of developing the techniques of orbital
assembly may be overriding and make the development of the Saturn 11 doubly attractive.*

()n avm y tight schedule, this mission could be accomplished in 1965 according to ABMA;
however, 1966 seems to be a reasonable date. The development of the Saturn 11 vehicle,

theretk_re, will require some early action on tbe development of high energy engines. If

NASA undertakes tile develn_pment of the hydrogen-oxyge,l engine of the 100-500,000 Ibs.

class in 1959, the development of a 500,000 lb. engine using oxygen and hydrogen should

he initiated no later than the fall of 1960. Furthermore, we should take a close look at the

hydrogen supplies, engine test facilities and launch sites 1or this mission.
The people at ABMA have invested a significant amount of time on their studies of

the hmar mission; however, they have come to the point where it would be well for them

to have some flmding tbr further preliminao' design studies of the entire hmar mission.

These studies shot,ld be SUl)ported by the NASA and should encompass the use of hoth

Saturn I and 11 for the program of landing a man on the moon.* We have the time tor the

study right now but if we delay too long then we will be fl_rced into making some quick

decisions a )'eat from now if we ever hope to achieve this manned lunar landing by 1966
or in other words, if we ever hope to beat the Russians in their race to land a man on the

moon. I visualize a sttldv conducted by the stall of ABMA to last on the order of six months

and which will cost at [east [5] $500,000. I believe that we could lind adequate justifica-

lion for this study within our own propulsion group and from Mr. Low.

4. Current Funding on the Saturn ProgranA
In FY 1959, ABMA has added $25,000,000 to spend on the Saturn program. All but

2 million is employed tor outside procurement of engines and materials. In order to kee l)

the program moving, they need $145 million in FY 1960. The current ARPA request tot

* Sntdies that wc htvc been doing ht'lt' indicate that the Saturn l xehicle would also accomplish the
.... SatUln 1 vehicle would probably bc used lot

hmar landing missiml by orl)ital re-fueling onlv; consequently, tht"

Iht" carl', launch landing mlssum.
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ABMA tor the Saturn progranl is only $50 million. Therefore, there is a deficit of $95 mil-

lion. There is some hope for a supplemental appropriation for the Saturn |)r()grmn in

January of 1960, parti(ularly ira successful tiring of the first propulsion lest vehicle is

accomplished in l)eccmbcr of 1959. th)wever, NASA help certainly cou d be used. Figures
of from 1(1 to 2() million were mentioned as 1)cing a reasonat)h, down t)aymt, nt fi)r Saturn
vehicles which Inight ultimately be used till- lhc lunar mission.

Copy Mr. Disher

F.C. Schwcnk

Document 1-28

Document tide: Abraham Hyatt, Deputy Director, Launch Vehicle Programs, to Wernher
von Braun, Army Ballistic Missile Agency, January 22, 1960.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

7he decision to tran._[er the yon Braun team/ram the Army to NA&4 wa._ made on November 2,1959.

A#houKh the tmn!fi,r would not./hrmall_, g_o iHto q].lecl antil mid-1960, fiom November 1959 otL

NA,%4 lteadquarter; wa.s aheady dealing with yon Bm tot as (/he wew part o/the .\;4SA team. NA.',;A

wished to ¢enhnlize its ,yokel engrine devehqJment e/]brl.g umler the managemenl q/yon Braun, inclad-
ingr the 1.5-million-pound thra._t 1:1 enffine program it had inherited|ram the Air kbrce in 1958 and

the new upper slag*e ct),ogt_n# engri_w that would become the ]-2. 77m" managrement Imns]i,r put under
Ituntsville ls control the two e,tKine,_ thai would power the ,+atarn |' moon rocket.

Dr. Wernher yon Braun

Army Ballistic Missile Agency
t hmtsvillc, Al,d)ama

LI)(AH:ad)

22 Jan 1960

Dear l)r. yon Braun:

As a result of current policy deternlinations+ it is the intent of lhe NASA l teadquarters

to transl(.r the administralion and tccl,nical dir<.'clion of certain development pfograms
to the 1ittntsville 1)evelol)incnl (:entei. Those tindci coilsidcl+ation at this time are:

1. Tilt+ Oil(! and a half million pounds thrtlsi rocket cilgiile under dcvt, l()linlelil by
lhc Rockctdvnt+ l)ivision of Xoilh aint'i'iC{Ul Aviation+ Ill(. (lleadquartcr;
(:ontracl No. NASAw-16) alid

2+ A new dev('iO[)lnl, lil of a 7()0 K lhriisl rockei liquid oxygeli-] quid hydr<Nc i lqlgiile.
It is desired that Ih(! liailsfttr of Ih(,se pl+Ogl-itlllS t)(, ac(Ollll)lish(,d ill aii ('ffi(i('lll lilall-

tier al |lie earliest liraciicable liilit!. In ordt, r 1o acconiplish this, it will by liCC('SSalV 1o

establish a inutually agreeable plan for lhe transl_,r of tile lesponsitiiliiv to f lunlsvilh, i

It is requt'sicd Ihal a phui 1)e prepared aild stil)iilillt,d Io NASA H_'adqliarlers which
Olitlines lhe niaillicr in which yOili organizalion WOilld t)rot)ost, Io carry Oiil lh(' adiliillis-

tralion and teC|ulica] direct|oil of llicse prograins. Rules for the groups'involved and pro-
cedures to be followed should be indicated.



]II_ A( :(:E,'-,ST()SPkCI(:_r['I;P_ r],()"IlIESArl I,TRN _

It is reconmwnded that the people who are assigned to this task meet with Messrs.

Elliot Mitchell and A. O. Tischler, who are the lteadquarters cognizant personnel, to

ot)tain information on the status and objectives of these projects.

Sincerely yours,

Abrahanl Hyatt

l)et)uly l)irectoi; Immch Vehicle Ihogl3uns

Copy to:
Nit. Mitchell

Mr Tischler

Document 1-29

Document tide: Saturn Vehicle Team, "Report to the Administrator, NASA, on Saturn

Development Plan," December 15, 1959, pp. 1-4, 7-9.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

Pre._ident Eisenhow_ approved the tran._/_'r of the l)evelopme_t Operations l)ivision o[ the Army

Ballistic Missile Ageing' to NASA on November 2, 1959. This _m,ant that hy mid-1960, Wernher von
Blnun and his rocketteam would be part of NASA. In the interim, NASA assumed management

re,_ponsibility.lor the Saturn launch vehicle through a working aweement with the Army. An imme-

dmte step was to /orm a "Saturn* Vehicl* Team" to advise _N._,SA on the direction the Saturn prowam

should take, particularly, with respect to the vehicle'._ upper stages. The team was led b_, NASA

I leadqua rte,:_ Ollt,ial A& Silverstein, who was an advocate _gthe use _{/powe_Jul but dijficuit-to-ha n-

die liquid hydmEen a._ a Jztel ./or rocket engines. I)uring the deliberation_ that led to this report,
Silverstein was able to convince an initially skeptical yon Braun that the upper stages (?/the Saturlt

vehicle should use engines emph>ying liqui)t hydrogen and liquid oxyEen. This deei._ion .set the stage

/br the creation _,/the S-II and S-IVB stages used in the Saturn V Moon rocket. 77_e three table._, two

fi,<,,'ltre._,and three appendices refi'r_vd to in this report do not appear here.

Report to the Administrator, NASA,
on Saturn Development Plan

by
Saturn Vehicle Team

[stamped "Downgraded at 3 year intervals; declassilied after 12 years"]

Ill
l)eccml)el 15, 1959

INTROI) U(]TION

The President of the United States, on 2 November 1959, announced his intention to

transter the Developmental Operations Division of the Army Ballistic Missile Agency
(ABMA) and the Saturn project to NASA. In anticipation of this transfer, the NASA and
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DepartmentofDefensehaveestablishedaninterimworkingagreementthatprovidesfi)r
imnlediateassumptionbyNASAof responsibilitiesfi)r technicalmanagementof the
Saturnvehicledevelopment.On17November1959,theA.ssociateAdministratorofNASA
requestedtheDirectorofSpaceFlightI)ewqopmentIo

"titanastudygroupwithmeml)ershipfromNASA,theDirectorateof Defense

Research and Engineering, ARPA, ABMA, and the Air Force fi-om the

Department of Detense to prepare recommendations for gtfidance of the devel-

opment, and specifically, for selection ol +upper stage configurations.

Attention in the study should be directed toward

1. Missions and payloads,

2. Technical development prohlems,

3. Cost and time for develoF, mcnt, and

4. Future growth in vehicle perfi)rmance."

A Saturn vehicle team was established with the following membership:

l)r. Abe Silverstein, Chairman NASA

Col. N. Appold USAF

Mr. A. Hyatt NASA

Mr. T. C. Muse ODDR&E

Mn (;. P. Sutton ARPA

Dr. W. wm Braun ABMA

Mr: E. Hall, Secretat T NASA

[2] The resnhs and recommendations of the Sawrn vehicle team are summarized in this

report and the more detailed findings are presented in Appendices A, B, and C, which are
attached.

The Satmn project was initiated on 1.5 August 1958 by an order from the Advanced

Missile Command to develop a large boosler vehicle of approximately 1.5 million potmds
of thrust using available engines. Authorization was given tot construction of test t+tcilities,

develop-ment and early captive tiring of the first stage, lannchings of three first stages with

dummy upper stages, attd one with a live upper stage. A brief chronology of important
actions relative to the Saturn project are contained in Appendix A.

For the past several months technical studies have been conducted by ABI_L+\, ARPA,
and NASA to estahlish the performance characteristics of the Saturn vehi'cle with various

upper stages. The results of these independent studies were in close agreement and form
a basis tot this evaluation.

Presentations were made to the Saturn vehicle team on missions for the Saturn vehi-

cle by both NASA and the Department of Defense. The following missions, listed in their

order of importance, were established for the Saturn vehicle (Appendix B).

a. I.nnar and deep space missions with an escape payload of about 10,000 potmds.
b. Payloads• of about 5,000 potmds in a '24-hotn +equatorial orbit.

c. Manned spacecraft missions such as Dyna Soar, with a weight of ab<mt
10 000 pounds in a low orbit (two-stage launch vehicle).

These missions were estahlished for the initial Saturn vehicle configtn+ation. It is rec-
ognized that the initial Saturn configttration must provide fi)r growth to permit increased

pay-load capability in the lunar deep space, and satellite missions. Early capability with an

advanced vehicle and possibililies lot t+utta-c growth were accepted as e]ements of greatest
importance in the Saturn vehich, development.
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[3] The current Saturn first stage with eight engines giving a total thrust of nearly

1,500,000 pounds was reviewed. The many problems associated with its deveh_pment and

operation were discussed. Attention was given to alternate configurations for tilt" tirst

stage including the use of solid propellant rockets, a cluster of four 400,O00-pound thrust

engines, and a single engine of 1,500,000 t)ounds of tllrust. Ttle problems of clustered

tanks ;.is compared with those of a single large tank were also considered.
A wide varieW of upper stares utilizing conventional and high-energy propellanLs and

of various weigh'Is were compared on the basis of performance, technical feasibility,

grllwtll potential and probable time and cost to develop. Various lank configurations,
inchtding chlsters of existing 1RBM's, whicll were independently analyzed by ABMA and
NASA, were also studied by the group. A discussion of the technical terms covered is con-

tained ill Appendix (L

[41 SU MMARY OF RESUIXS

After a review of tile many possible configurations of Saturn vehicles, the tealll

reduced its detailed considerations to those shown in Table I.

Tile payload capabilities of tile configurations shown in Table I for the most inlpor-
tan( ntissions listed in the Introduction are given in Table It.

Vellicle A-l, with upper stages consisting of a modified Titan stage I and Centaur

upper slag(', nlakes nlaximunl utilization of existing tlardware and would most likely have
earliest fligh! availability and lowest cost. It Pails, however, Ill meet the nlissilm reqlfire-
illenls till- Ill(' hular and _24-hottr nlissions and, because of its slenderness ( 120-inch diana-

euu UplIer stages), vehk le A-I is a structurally marginal configuration. Deveh)plnent of a
160-inch ilialneter se(ond stage similar in constl-uction to the Titan first stare was

reviewed and elinlinated from detailed consideration because it lilnited the growth p(lten-

tial of file Satnrn.
Tlle A-2 vehicle, with a cluster of IRBM's as tile second stage, is similar to the A-I con-

figuration in its use of existing hardware. Vehicle A-2 fit|Is to meet the requirements till

hmar and deep sl)ace missions and for the 24-hour equatorial orbit.
Vehicle B-I meets the requirements of file missions, but requires the develllpment of

a new conventillnally fueled seclmd stage that is approximately twice the size of otlr cur-

rent ICBM's. The cost and tilne to develop tills large second stage, wllich seelned to be

interinl in character tin advanced missions raised doubts as to the desirability of devehlp-

ing lifts vehicle.
Ill examining vehicles A-l, A-2, B-l, and others, it becanle apparent thai highest pri-

ority lnissilms for tile Saturn vehicle could not be accomplished ill a reasonable design

witl'u)ut the use iif high-ener_' propellants in tile top stages. If these propellants are to be

accepted Ior tile dillicult top-stage applications, there seems to be nil valid engineering
reasons fin not accepting the use of high-energy propellants for the less ditlkuh . . .

[71 applicatilm to intermediate stages. Of course, file maxinmm payload capability with
the Saturn illSt stage booster will be achieved if high-enerD' propellants arc t|sed in all the

upper stages. Cvrrellt success in the Centaur engine prograln substanliates the choice of

hydrogen and i/xygen tklr the lligh-ener/,D' propellants.
' The (;-1 configuratilnl (Tables l and Ill is the first pllase in the development ota vehi-

tle using ;ill Ii}drogen and oxygen upper stages (see figures l and 2). Succeeding phases

are (;-2 and C-3 with progressively increasing pavhlad capability. A.s the devehlpnlen! pro-

cecds from phase to phase, a new stage is added'to tile veil|tie. Stages developed tot early

phases continue to be used ill all latter phases (see figure 2). Thus all deveh_pnlents leall

Ill increased flight capability and reliability.

(]ollliguralion C-I pernlits early tligh[s and essentially lneets tile estal)lishell lnissilm

requirenients. The ilpper stages consist of a four enghle llydroge l-oxygen second stage
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(S IV) and a (:entaur upper stage (S V) as a third stage. The engines toe tile second and

third stage are the same. [:prating of the 15K (]emaur engine to 20K is necessary toe the
second stage.

Contiguration (]-2 is adapted from C-1 by the addition ota new hydrogen-oxygen sec-

ond stage (S 11I). The developnmnt of a 150K-200K pounds of thrust hydrogen-oxygen
rocket engine is required to power the new slage. ' '

Configuration (;-3 increases the pavh)ad capability by adding a second stage (S II)
with four 150K-200K poun<l thrust engines. The thrusl of the first stage is also increased

to over two million pounds. This lln+llS[ lllaV t)e obtained t)y replacing the tq:)[ll or'liter
engines with one F-1 engine or by uprating a]l eight !1-1 engines.

[8 ] _RECOMMENI)ATIONS"

It is recomlnended that:

1. A hmg-,ange development plan for the Saturn vehicle be established that will pro-
vide, through a c(msecutive deveh)pmenl of I)uihling-l)lock upper stages, a substantial

early payload capability and a tiual conl]guralion thai exploits tile maximum capability of

dw Sam,n first slage. _:ehicle reliability will I)e emphasized in the building-t)lock program

through a continued use of each development stage in later vehicle contiguralions.
2. All i ppcr stages be fueled with hydrogen-oxygei_ propellants.

3. The initial vehMe conliguration, (]-1, consists of the following:

a. The eight engine t]rsl stage curfemtv under tteveh)pment at ABMA.

I). A newly developed second stage usi_lg four of the current (]entaur engines
upraled to 20,000 l)ounds of thrust.

c. The lhird stage using lhe current (_enlaur stage modified only as reqttired for
vehicle and payload altachments.

4. The following developments be iniliated immediately:

a. A 150-200K hydrogen-oxygen theled rockel ellgille for stages S II and S Ill.

b. A design stndy of hydrogen-oxygen upper stages S II and S II1 using lilt,
150-200K engines. ' '

5. The development schedule shown in Table Ill be adopted.

[9] Submitted by:

Abe Silverstein, NASA ((_hairman)
Abraham Hyall, NASA

George E SIIIIolI, ARPA
T.C. Muse, ODDR&E

Norman (2 Appold, Col., USAF
Wernher yon Braun, ABMA

Eldon Hall, NASA (Secrelary)

Document 1-30

Document title: Robert R. Gilruth, Director, Space Task Group, to Dr. N.E. Golovin,
Director, DOD-NASA Large Launch Vehicle Planning Group, September 12, 1961.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.
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In desig'ninff the launch vehicle' to take Apollo c_v._ to and fiou_ the Moon, the relationship between
launeh vehicle Ivliabilit'_ _and erew ,_aJety was a e_4tieal concern. 7"hi_s document reviews .seoeral con-

_iderations _rlated to tt6s Jvlationship a,_ seen by the Space Task (;mup, which managed NASA_

hunutn qmeeflight effbrts. In partieulm; the letternote,_ the eoneern that a vehicle o[less capacity than
heard o]

r )the proposed ,M_za ,guperbooster might place astronaut,_ at too gweat a risk. l')om the time he
tSr,sident Kennedv',_ announcement until the end 0/ the ApoUo program, Robert (;ilr'uth was con-

cernedthat the lumtr landing mission wa._ exee,_sively ri,_ky. 77ie fiffure rff_'nrd to in the enclo.sure doeg

_ ot appear here.

[original marked "CONFIDENTLM7 on each ])age; classification change to "unclassitied"

hy authority of Executive Order 11652, Febvlmvy 7, 1973]

Ill

NATIONAl, ,M_2RONAUTICS AND St'ACF ADMINISTRATION
SPA(;E TASK (; RO I.!i'

Laugley Field, Va.

Septeml)er 12, 1961

l)l: N. E. (;olovin, Director

DOI)-NASA l,arge Launch Vehicle

Planning (;voup

NASA tteadquartets, (;odc AA-4
1520 i t SllCe|, Northwest

Washington 25, I).C.

Dear Dr. (;olovin:

hi answer to your request of August 16th, Space Task Group has prepared a list of lnis-
sion criteria and other requirelnelltS for the latmch vehicles to be used for Project Apollo

missions. Project Apollo is ainling for a lnission reliability goal of 0.90 and a safe crew

i'etl.lrl/ goal of 0.999. Necessarily, the launch vehicles must be designed and developed

with better margins and more redundancy than missile boosters. In addition, the launch

vehicle operation must cater to certain restrictions and provide the flight crew with tail-

tuc infiwmalion and some control capability.
Necessary and reasonable constraints and requirenlents tq)¢)n the launch vehicle

design ,lud operation are listed. Most of these are sellZexplana tow, the others will he dis-

cussed lalet in this letter.

[21

a. Mission Criteria

( 1) l,aunch longitudinal acceleration not to exceed 8g

(2) I.alelal acceleration at the sl)acecraft due to launch vehicle hard ovel- c(mtrol
nlanettvers shall not exceed 3g at any time

(3) Vibration transverse and longitudimd shall nol exceed dmsc shown in the

cnch)stlrc at ally tilliC
(4) Maxinnml dynamic pleSSule no greater thall 100(I psf

(5) Staging to be carried out in a noncritical environment

(6) Minimum ntunl)er of stages
(7) Staging into parking orbit (parking orbit will be standard procedure) where

performance penahy does not exceed 10 pet-cent
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(8)Allfhiluremodesidentifiedandeitherorbothoftiletbllowing provided
(at Failed systems overridden automatically

(b) Failures and prospective failure activilv signalled to crew with provision
for crew to

_1 Switch to backup system or redundan! mode
2 l)irectly override failed svsteln

3 Shutdown launch vehiclt _,and initiate escape sequence
b. Performance Required (Includes contingency for growth)

(1) 35,000 pounds to escape for lunar orbit missions

(2) 150,000 pounds to escape ti)r lunar landing missions
c. Reliability (;oal

( 1) 95 percent satisfacto D, insertion on transhmar trajectory
d. Failure Sensing " "

( 1) 0.q99 failures sensed prior to catastrophic condition
e. Structural Margin

(1) The general structural factors of saletv shall be 1.5 to uhimate and 1.1 to

yield. The design limit load envelopes sfiall be established by superposition of

rationally deduced critical loads fbr all flighl modes. Loads envelopes shall

recognize the cumulative effi_cls of additive type loads. The structure shall be

designed such that operation of the vehicle or any subsystem is unimpaired
by structtwal detlection at limit load conditions.

[31 f. Reliability Demonstration

(1) One successful operation of eath complete launch vehicle system with a

dynantically similar payload. Reliability demonstraled by analysis and compo-
nent and subsystem tests. Reliability to be emphasized ill design, produ( lion
and launch preparation procedures.

The Apolh) spacecraft will be (tesigned ill a manner to place full control of the mis-

sion with tile crew. Tills hv no means implies lhat all ((mtrol fimctions will be carried out

by tile crew. It may 1)e de.'sirable and sontetimes necessary to ulilize tile speed and preci-
sion of automatic equil)n)ent. Likewise, cerlain repetilive tasks that would f)rove monof

on(ms or time (:onsunfing may also t)etter be done by atuomatic n)eans, h is suggested
that the launch vehicle design shotdd also take a(lvantage of lhe fact that there is a crew

aboard in order to improve reliability. It is not obvious, howevel, that a general formula

fbr crew participation is practical. This should be decided after carefitl and detailed study
of the particular launch vehicle to be employed.

The Apollo missions are being planne(t on the 1)asis of using a parking orbit as slan-

dard l)rocedure. The operational flexibility provided is sufficient t()justit_, this (le(isi(m.

The use of the parking oH)it period fi)r intlight checks may t)e of even more significance.
After inje(.tion into the parking orbit, the spacecrafl will have encountered its most

severe launch stresses, and will come into contact with the space environment for the firs!

tin)e in the mission. By making status, functional, and operational checks of all equip-
melt at this time the safety of the flight will t)e enhanced greatly. While in orbit the

spacecraft can be hrou_,hl I)a('k to the earlh ill a matter <)f nlintJtes; on the other hand+

if the start of these checks is delayed until transhmar inserti<m, it will be h()llrs before an
earth return can be completed. (_:onsidering tile duration of the mission that lies ahead

it seems only reasonable to plan on spending some time ill <)rbit in order to obtain assur-
ance that all equipment may be relied tq)(m.

Having established that'a parking orbit as a checkotu period has desirable features,

one is le(t to consideration of latmch vehicle operation relative to a parking orbit. The

Space Task (,roup would like to see the launch vehicle designed st) lha[ staging naturally

[4] occurs at orbital conditions. All obvious benefit is that the hazard of one start-up is
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eliminated. This is important both from a flight safety and a mission reliability standpoint.

A less obvious benefit is that all launch stages are "single-burn." There should be only one

stage required to accelerate from orbital conditions to the translunar trajectoD'. This stage
will not have been used. By making proper status checks, the crew can bc reassured that

this stage is in the same condition as at launch. An example of degradation by a relight

operation is cited. Consider that in the first shutdown a slow propellant leak, perhaps

through a valve, develops. The stage may then be rendered incapable of providing ade-

quate insertion velocity. Yet, there is at this time no known procedure for determinati,m

of propellant quantity in a partially-tilled tank in a weightless environment.
I feel that it is highly desirable to develop a launch vehicle with sufficient petfor-

mance and reliability to carry out the hmar landing mission using the direct approach.

Theretore, I recommend that rocket motors larger than those presently under develop-

ment be obtained ti)r this program. Rendezvous schemes are and have been of interest

to the Space Task Group and are being studied. However, the rendezvous approach itself
will, to some extent, degrade mission reliability atld tlight safety. I am concerned that ren-

dezvous schemes may be used as a crutch to achieve early planned elates ior launch vehi-

cle availability, and to avoid the difficulty of developing a reliable NOVA class launch

vehicle. A_s you know the mission most likely will not be attempted until a reasonable

amount of _-onfidence in completing the mission is established. Thus, from a program

planning standpoint "system reliability in use" is more important than "hardware avail-

abilily for use," even thottgh earliest achievement of the mission is a primary goal.

Yours very truly,

Robert R. Gih+uth

Director

Ellcl;

l copy tignre entitled
"Vibration limits"

Document 1-31

Document title: Milton Rosen, Director, Launch Vehicles and Propulsion, Office of

Manned Space Flight, Memorandum to Brainerd Holmes, Director of Manned Space

Flight, "Large Launch Vehicle Program," November 6, 1961•

Document 1-32

Document title: Milton Rosen, Director, Launch Vehicles and Propulsion, Office of

Manned Space Flight, Memorandum to Brainerd Holmes, Director of Manned Space

Flight, ,,Recommendations for NASA Manned Space Flight Vehicle Progr , November
20, 1961, with attached: "Report of Combined Working Group on Vehicles for Manned

Space Flight."

Source: Both in NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

In the months fidlowing the May 1961 announcement I_, President Kennedy that the U, ited States

would ,_end Americans to the Moon, there was intense ac)ivitv examining various ways of achieving

that mission and the m,erall acceleration of the national space efJbrt that Kennedy/tad approved. In

particular; a N54SA-Department 0[ l)efi, nse committee headed by Nicholag (;olovi_+ bad .spent the
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summer addre, ss#_gr launch vehich, requirenu, nts, but had become deadlocked. By the end r!]1961,

NASA needed decisions on what kind qf lau_ch vehicle would be needed [br the 3/loon i] it was to meet
Kennedy ;s deadline oJ accomplishing the mission b@_re the end o/the tLocade. Milton Rosen, a veter-

an _?[the Vanguard progvam, was in charge t?f launch vehicle development fi_r Apollo. The two-week

study described in his November 6 memorandum and reported in hi._ November 20 memorandum pro-

posed that a Saturn vehicle using.five F-I engine.s in it,sfirst ,_tage, rather than the two to fimr eng4ne,s

that had previously been under discussion, be devehrped. "/his recommendation was accepted b_, ,\(4SA
lead, ship; the rest'tiring vehicle .soon became known as the Saturn __ I$Tten NASA in mid- I 9(_2 decid-

ed to use the lunar-orbit rendezvous approach to accomplishing the lunar landing mission, the addi-

ti°nal power tnovided tg, the fi[ih first-stage engine meant that the mission could be carried out 1L_ing

a single launchm: Thu,s_the ke3, recommendation o[t¢osen's report was one of the significant enablers
O/meeting the Apollo deadline.

Document 1-31

[1J

UNITED STATES (;O¥_RNMENT
MEMOICANI) UM

TO: M--Mr. Hohnes

FROM: ML--Mn Rosen

DATE: November 6, 1961

SUBJECT: Large Launch Vehicle Program

Pursuant to discussions with you and Dr. Seamans, I have organized a working group

consisting of members of my statt; augnnented by representation from [Marshall Space
Flight Center] and the Of lice of Spacecraft and Flight, to examine the reports of several

committees and on the basis of these reports, and our judgment and analysis, to recom-
mend to yon a large launch vehicle program which will:

1. Meet dm requirements of manned space flight, and

2. Have hroad and continuing national utiliLy (for other NASA and DOD missions)

Our principal hackground material will consist of the reports of the following groups:
1. The Large I,aunch Vehicle Planning Group (Golovin Committcc)
2. The Fleming Committee
3. The Lundin Conmfittee

4. The Healon Commitlee

5. The Davis-Debus Committee

The fi)llowing people are members of the working group:
Launch \r •eln.cles & Propulsion

Mr. M. W. Rosen, Chairman

Mr. R. B. Canright
Mr. Eldon Hall

Mr. Elliott Mitchell

Mr. Norman Rafel

Mr. MekTn Savage
Mr. A. O. Tischler



1')4 A( :CESS 1() SI'ACE: STFPS TO TI IE SAI t'RN V

Marshall Space Flight Center
Mr. Win. Mrazek

Mr. Hans Maus

Mr..lames B. Bramlet

Spacecraft & Flight

M,. John Disher

[2J Our approach is to start out by having sub-groups make critical evaluations of some

of the most important problems, t laving done this, we will be in a better position to for-
mulate a recomnmnded program. Some i)1 the subjects we are considering are:

1. An assessment of the problems involved in orbital rendezvous

2. An evaluation of intermediate vehicles (C-3, (;-4, (i;-5 class)

3. An evaluation of NOVA class vehicles
4. An assessment of the future comse of large solid rocket lllOt,)l developlnen!

5. An evaluation of the utility of TH'AN-III for NASA Inissions

6. An evaluation of the realism of the spacecraft development program (schedtdes,

weights, performances)

Preliminary discussions within the group its to ,till lit,tale o[" operation attd the scope

of our work have taken place this week. This melnot-andmn is the t-esult of these discus-

Si,)ns. 1eVehave set as at target having in your hands a recommended program, an<l an eval-

uation of the more critical tactors affecting it, by Noveml)er 20.

I need your help in the following areas:
1. Immediate access 1o Ihe report of, and supporting data used bv, the (;olovin

(;ommittee.

'2. The opportunity of completing our work before turdwr decisions are made in the
areas we are examining. Should the need arise for a critical decision prior Io

November 20, we will be available at any time on or after November 13 to give you

an oral brieting of our up-to-date findings.

Milton W. Rosen

Director, Launch Vehicles & Propulsion

Office of Manned Space Flight

Document 1-32

UNITED STATES GO\T_RNMENT

MFMOPJt NlJl/M

TO: M--Mr. I tohnes

FROM:

St!BIEr ;T:

I)ATE: Novemher 20, 1961

MI,(MWR:pbm)

MI,--Mr. Rosen

Recommendations tot NASA Manned Space Flight Vehicle Prograln

l. In accordance with my memorandum to you of November 6, I am presenting, for

your consideration, a smnmary report preparecl by the working group on vehicles tor

maimed space tlight. The members of the group were as stated in the November 6 mem-

orandum, with the addition of Mr. l)avid Hammock of the Space Task (;roup.

2. This report represents the distilled judgment of the group. No attempt was made
to enforce of obtain unanimity. A small minorig' may dittier _dth the wording of some of the
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recommendations. Tile general approach of the report, _Lsa whole, is supported bv tire

group, as a whole, and ill this sense represents a consensus. Diflk-rences of opinion arose in
three areas: rendezvous vs. direct tlight, solids vs. liquids, and the nature of the intermedi-

ate vehicle. These diftt'rences are in the nature of emphasis hither than content. This situa-

tion is best illustrated by the tape recording made during the tinal session of the group.
3. The group had availal)le the tinal recommendations of tilt' (;olovin Commiltee

and preliminary <lrafls of several of the rep_wt chapters. _k" took tile view that the (;olovin

Committee had opened doors to rooms which should be exph)re<l in order to fi)rmulate

a progl-am. Our report consists of a finer cut of the (;oh)vin recommendations--it is more

specific with regard to Ihe content and emphasis <>fa pr<)granl. We believe such closer <tel:

inition is required in order to arrive at a 1963 budget.

4. The program we are recommending tt) you is, in my opinion, the best we can

offer at this time. It takes account not only of technical [actors, but also of the realities of

the budgetary and political situation. W_" are preparing a budget and schedule as an

appendix to this document. I propose It) have these ill Your hands bv N<wembcr 22. My

gross estimate al this time is thai the program recomnle'nded here ca'n be funded I)y th_

Plan A budget ($4,238 million) recommended hy Mr. Wet)b to the Director of tile Budget.

The Plat1 B ($3,699 million) budget would be inadequate. Should it develop thai the Plan
A budget is not ot)tainable, we are ])repared to underrake a turther condensation of the

program it) meet a lesser figure, h lllllSt be a(hlliIIe(t, however, that Sllch a step sialIS to
eliminate some importanl alternalive approaches.

5. Those of us who participated in this intensive two-week effort feel that our work

has t)een worthwhile in clari[_'ing in our minds the very inlportant issues that are the sub-
ject of this report. "

Attachment: as stated

Milum W. Rosen

Director, I,alHlch _2,hicles & Propulsion

[each page of the attachment is stamped "FOR INTERNAL NASA USE ()Nl?r": no page
nunlber on tirst page]

Report of Combined Working Group on
Vehicles for Manned Space Flight

.R¢.'co nl ill e ilda tiollS

1. The United States shotfld undertake a program to deveh)p rendezvous capability on
an urgent basis.

2. To exploit the possibility of accomplishing the first manned lunar landing by ren-

dezvous, an intermediate vehicle with live F-I engines in the first stage and totu t_jr live
_c j.. , • , . • .

J 2 engines m the setond stage and ore" l-2 in the Ih rd stage shouht be developed.

The veh tie should be so designed Illat it can be modified to produce a three engine

first stage, if rendezvous is difficuh to achieve. The three engine vehicle provides a

better match wilh a large number of NASA and DOD requirements and earlier tligtlts
ill support of the manned lunar program.

3. The United States should place primary [crossed out and rephlced with "'m_jor"]

emphasis on the direct flight mode tot achieving the thst manned hlnar landitlg. This

mode gives greater assurance of ac¢;omplishment during tiffs decade, hi order to
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implement the direct flight mode, a NOVA vehicle consisting of an eight F-I first

stage, a four M-1 second stage, and a one J-2 third stage should be developed on a top

priority basis.
4. large solid rockets should not be considered as a requirement for manned lunar

landing. Should these rockets be developed for other purposes, the manned space

tlight program should support a solid first stage development in order to provide a

backup capabiliD' fi)r NOVA.

[21
5. Development of the one J-2 engine S-IVB stage should be started, aiming toward tlight

tests on a Saturn C-1 in late 1964. It should be used as the third stage of both C-5 and

NOVA, and also as the escape stage in the single earth orbit rendezvous mode.

6. NASA has no present requirement for the TITAN III vehicle. Should the TITAN IIl

be developed by the DOD, NASA should maintain continuous liaison with the DOD

development to ascertain if the vehicle can be used for future NASA needs.

[no page number]

Discussion

1. Rendezvous

The capability tor rendezvous in space is essential to a variety Hf future space missions.
These include crew rotation and resupply of orbiting laboratories and space stations,

orbital i_ssembly for furore manned planetary missions, and rescue operations in orbit. For
these reasons alone a vigorous high priority rendezvous development effort must be

undertaken immediately.

The United States should undertake a program to develop rendezvous capability

on an m-gent basis.

Space rendezvous presents the possibility of accomplishing the initial manned hmar

landing mission earlier than by other means and therefore should also he considered for

that mission.
Several modes of rendezwms in space have been proposed tor accomplishing the ini-

tial lunar landing mission. The favored modes are (1) a single rendezvous and docking in

earth orbit, (2) a single rendezvous in lunar orbit by a lunar excursion vehicle which

departs tiom a parent craft in hmar orbit, descends to the hmar surface and returns to the

parent craft which remains in hmar orbit. The second alternative ot't)ers the possibility of
mission accomplislunem with only one earth launch of the same type launch vehicle of

which two are required for the earth orbit rendezvous. It also offers the possibility of a

smaller and simpler lunar landing vehicle for the initial landing attempt. However, the
ltmar orbit rendezvous operation entails [2] appreciably greater hulnan risk than does

earth orbit rendezvous because a missed rendezvous at the moon is fatal whereas a missed

earth rendezwms simply aborts the inission. The lunar rendezvous vehicle also lacks sub-

stantial radiation protection and lands only a minimal payload on the moon with limited

staytime and scientific equipment.
Alter comparing the advantages and disadvantages of the two rendezvous modes it has

been coilcluded that the preferred rendezvous mode is the single rendezvous in earth orbit.

It is imperative to recognize that rendezvous oflers only a possibility of carrying out
the initial landing more rapidly than by other means. Because we will not have our first

experimental indications of the difficulty of performing rendezvous until 1964 we will not
until that time have a firm basis for estimating and scheduling the time required to devel-

op high reliability space rendezwms, docking, and filel transfer operations.
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TheHeatonCommitteeinvestigatedthe(locking method for earth orbit rendezvous

and concluded that the launch vehicle should have suflicient capability so that only one

rendezvous would be required. About ibm rendezvous (5 vehicles) are required wit'h the
(;-3. Hence, emphasis shifted from the C-3 to the (',-4 vehicle. At that time it was believed

that adequate capabili_, could be obtained with two (;-4 vehicles. A more detailed investi-

gation indicates that the (]-4, when designed and built with sufficient stnlctural and flight
margins for high confidence, [3] is inadequate with only one rendezvous for the desired
allowable spacecraft weight. Tile (;-5 has adequale margin with one rendezvous.

If several rendezvous in earth orbit are shown to be entirely feasible, the use of a (>3

class vehicle would be suitable with a flmling type of operation but not with a docking type
because of the structural considerations of combining five vehicles. Two rendezvous maneu-

vers widl three C-4 vehicles would be suitable _fith eilher docking or fueling. The
(55 vehicle is capable of performing the single earth orbit rendezvous mode without refi_-

eling and is also capable of peril)truing tile hmar orbit rendezvous mode as described above.

To exploit tile possibility of accomplishing the first manned lunar landing by

rendezvous, an intermediate vehicle with five F-1 engines in the first stage and
four or five J-2 engines in the second stage and one J-2 in tile third stage should

be developed. The vehicle should be so designed that it can be modified to pro-
duce a three engine first stage, if rendezvous is difficult to achieve. Tile three

engine vehicle provides a better match with a large number of NASA and DOD

requiremems and earlier flights in support of the manned lunar program.

Tile working group examined rendezvous more intensively than any other subject in
an attempt to understand the technical and operational problems involved. This eff_)rt led

to tile conclusion that tile development of rendezvous, and its use for manned hmar laud-

ing, cannot be scheduled with any reasonable degree of assurance. We urge development
[4] of" rendezvous in its own righ't and so that a better assessment of its use for lllanned
hnlar landing can be made ill tile next year or two.

2. Direct Flight

In order to il_ject tile Apollo spacecraft into a lunar trajecto W without recourse to

orbital assembly or refueling, a launch vehicle with capability equivalent to that provided
by an 8 F-l engine first stage is required. Such a launch vehicle presents no different order

of technical problems than does a 5 F-I engine first stage. I,arger facilities are required fbr
f:abrication and test, and tile first unit will take lnore man hours to build and test, but the
problems are the same.

The group examined versions of NOVA suggested by the (;olovin Committee. The

chosen configuration places emphasis on achieving early manned hmar landing by direct
tlight, with sufticient margin for both spacecraft and vehicle contingencies, and in addi-

tion, offers potential for missions beyond manned lunar landing. This configuration con-

sists of a first stage with 8 F-f eugines, a second stage with (4-1).* M-l engines and an

IVB third stage, tile same as the third stage of the (]-5 and the second stage of tile C-IB

Saturn. This version has growth potential and also offers the advantage that it could uti-
lize the fbur 240-inch solid first stage if it were to be developed.

We have examined the feasibility of producing this NOVA vehicle and have conclud-

ed that it can be scheduled with a reasonable degree of assurance. An optimistic schedule

would provide an earliest capability in late 1966; a pessimistic schedule would provide an

* Four engines with one engine out capability
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earliest lunar landing capability in 19{$8. h appears reasonable to plan on the availahility

of this type of NOVA vehicle in 1967 for tile achievement of manned lunar landing.

l:',1

The United States should place pr mary emphasis on the direct flight mode tor

achieving the first manned lunar landing. This mode gives greater assurance of

accomplishment during this decade. In order to implement tile direct flight
mode, a NOVA vehicle consisting of an eight F-I first stage, a tiiur M-I second

stage, and a one.i-2 third stage should be developed on a top prior|t)' basis.

3. Solid Rockets

The group examined the prospects ti/r developing large solid rockets for first stages
of the intermediate and NOVA vehicles. In particular, we examined the 15t_inch seg-

mented motor and tile 240-inch monolithic motor. The group (:oncluded that both of

lilese versions could be developed, and that tile elapsed time between now and the first

mot(ir test could be scheduled with reasonable assurance. There was considerable tracer-

lain W as to the number of motor tests required to solve technical problems anti to achieve
a reasonable degree of reliability to tile number of stage tests which may be required and

t(, tile ntunber o|' flight tests. On the other hand, success of tile F-1 and J-2 engines must

lie assured if the program proposed here is to he undertaken at all. Since these engines

must lit' developed to a high degree of reliability for the imermediate vehicle, it seems

only sensible to use them in NOVA. These considerations led to the conclusion that titc

present pr¢lgram for manned hmar landing should be based on liquid proptdsion, and
that solid rockets should serve as a backup only.

[61

Large solid rockets should not be considered as a requirement tot manned lunar

landing. Should these rockets tie developed for other [)urposes, the manned

sl/ace flight program should support a solid first slage development in order to

provide a backup capahil ly for N()\_\.

4. S_aturn Class Vehicles

As recommended I)y the Golovin Committee, development of Saturn C-I should be

ctmtintted to provide an early capability for orbital tests of Apollo.

A one J-2 engine top stage can serve the C-l, C-5, and NOVA. It also serves, with mod-
ification, as the escape tanker in the single earth orbit rendezvous operation. In other

words, in any mode of operation recommended here, when the Apollo spacecraft is sent

fronl orhit it) escape, it uses the S-IVB. We have examined the development schedules of
the S-IV alld the S-IVB and have concluded that the S-IV leads the !_-IVB t))' at least ()ne
vt'ar, Stii)stittltion tit" tilt" _IVB at ttlis time would resuh in a year's delay in first flights of

{lie Apollo spacecraft till SaIlirll. Since tile Apollo orbital ]lights are to start with the
Saturn ('-l, using the _IV, it may lie prudent and desirable to continue this version of

Saturn C-l for all of the Apollo orbital tests. In this case, we reconunend that two or three

Saturn _l's tie devoted to vehicle tests of the S-[VB stage at an early (late, in order to qual-

ity' the _IVB for its [ulure use on the C-5 and NOVA.
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[7]

1)evclopnlentofthe_IVBstageshouldbestarled,aimingtowardflightlestson 1
a Saturn _I in late 1964, and use as tile third stage of both (;-5 and NOVA, and
also as ttle escape slage in the single earth orbit rendezvous mode.

The group examined intormation available on the TITAN I11, its pertormanee, timm,
availability and developmenlal problems.

The TITAN Ill and the Saturn C-1 are competitive in orbital performance. The
TITAN III, alone, has some escape capability which is enhanced by addition of a fourth

stage. The Saturn C-I has an appreciable escape capability through ihe addition of a lhird

stage. ()he m_!jor difli'rence is /hat lhe TITAN III core ires a 10-foot diameter and only

with difficuhy cottld carry large diameter pay oads. The Saturn C-I, on the other hand, has

an 18-toot diameter and could he provided with a lhird stage of similar diameter, fi_r

example, the tbllowing combination [_I-S-IVB-_IV]. Escape payloads presently phmned

by NASA for Centatlr utilize the full 10-toot diameter of thai vehicle. Future escape pay-
loads, requiring greater launch vehicle capability, fall in the diameter class of 12 to 18 li'et.

Latmch vehicle requiremenls fi_r these payloads can be met by tile Saturn C-1.

NASA has no present requirement for tile TITAN III vehicle. Should the TITAN ]
Ill be developed by the I)OD, NASA should maintain c<mtinuous liaison with the

I)OD devel<+pment to ascertain if+the vehicle can be used tot ftmtre NASA needs.

Document 1-33

Document title: Future Projects Design Branch, Structures and Mechanics Division,

George C. Marshall Space Flight Center, NASA, Huntsville, Alabama, "NOVA Preliminary
Planning Document," August 25, 1961, pp. 1-6.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

7'he re, lion that a more [)owe_Jul booster tha_t that or|it|troll _,de.sifftmted Seltttrtl would be required/or
ambitiou.s [uture mi,_sion.s had been part oJ the plan_dng ¢}f Wernher yon Braun and his a._._ociate_

.]br .some time. That vehicle, called llw :\:ore1, became part q/NASA _ [uture plan_ing as early a.s 1959.

With tSe_ident Ke_tnedy _ 1961 deci._hm to fro to the Moo?n planni),g./br the _\_nm took o_i increased

ur-gem),; a vehicle of such capabililie_ was required.fi_r a direct./liL_ht to the Moon's surjthce and back
to Earth by a on'w-carrying spacecrqft. Ultimately, a rendezvous, ap[noach to the lunar mi._sio_ wa,s

adopted, a_d the Novit's extremely, heav_,-lifi capabilities were _lol needed. Thu._ the vehicle nc_,er
¢'_tle_vtl rl_q_elopmenl, althouffh it remai_l¢,_l u_tder study u_til 1963.
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NOVA Preliminary Planning Document

August 25, 1961

Future Projects Design Branch

Structures and Mechanics Division

George C. Marshall Space Flight Center
National Aeronautics and Space Administration

t hmtsville, Alabama

[no page number]
PREFACE

This document presents NOVA vehicle data generated to (late by the Structures and

Mechanics IS&M| It|vision of the George C. Marshall Space Flight Center [MSFC]. The

data contained herein is prelim|hinT and subject to change in the near future as mr)re

technical data and planning knowledge of thesubject becomes available. The preliminao'

weights and perfi)rmance data shown are partict_larly subject to change. Other divisions
of the MSFC imve not completed their inpuLs to the NO\:A developnlent plan, and the

S&M Division will ilave changes to the data presented ill tins document. ]'he N()\%

Development Plan will ile tormalized by the MSFC in the near future.
The NOVA vehicle as presented in this document is a three stage launch vehicie which

iqiects a payload into a lunar transfer or|tit. The fourth, hmar ianding, stage will be inch(d-
eal ill following dOCUlllellts. Data [i)1 this stage is no| included here because it is llot yet

sufficiently relined.

[signed "Robert (;. V()ss for"]
W. B. Schramm

Cilief, Furore Projects Design Branch . . •

[1]
A. VEttICI.E SYSTEM

1. A)_2.oach
Tile NOVA veilicle development will be aimed toward optimization for the three stage

escape mission utiiizing a first stage called the N-i, a N-I1 second stage, and a N-Ill tilird

stage. The NOVA vehicle's objective is to provide a ilea_ T weight lifting capat)ility so that
this nation's space expioratio}_ and manned hmar programs can be carried ()lit. IXlllOllg

the several mission oi_jectives slated for tile NOVA, tile prime obiectives are:

Manned Lunar l.anding.
Planetary Spacecraft Landing (suctl as Prospector).

()tiler missions for which the NOVA vehicle is needed are:
350,000 lb. Max. Volume Orbiting LailoratoIT (96 Min Orbit).

A booster vehicle (N-I & N-lit which is capable of hoosting a nuclear reactor

(NERVA) powered upper stage, , • •

True optimization of the NOVA vehicle for a thi-t:t! stage escape lllissioll wott]d

demand ignoring tile other possibie missions to the end that lilt: design of tile N-I and

N-II stages wotiid llot lie easily modified, it is a hasic inteill that tilt' NOVA vehicle stroll be
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capable of easy modification to acconnnodale both two stage (orbital operations) and

large, low density upper stages (nulcear [sicl powered stages). Tile choice of dianleter is

a good exanlple t)t pre-planning fin futnre growth. To plan ahead fin +"other missions," it

was decided to have a diameter of 320 inches in the third stage so that the vehicle would

be capable of boosting a large w)lunie, low densit)', liquid hydrogen tilled nuclear npper

stage, thus "cashing in" on the extienlel), high specific impulse available from nuclear

propulsion. Consideration was thus given, when Ibis decision was made, tor the possible
growth potential.

[2] It can be expected that the developnlent engineering to be condttcted will lead to cer-

tain desirahle changes to the vehicle system as known today. Where their worth is proven

or unquestionat_le, they will be introdnced into tilt" vehicle svslellt. Generall B introduction

will be at block change points, thiwevel, tnan<tatorv changes discovered during ground or

flight tests[,] anti directly atli__cting missi<)n reliability will be introduced immediately uptm
discover T of the unsatisfactoQ, condition. In all cases changes to the vehicle system will he

limited It) only those that will improve operational safety and mission reliability.

In tile C-I vehicle development program, tilt! block concept of progressive develop-
ment was necessarily spaced out over a hmg period because of tilt, time differential

between availability of the upper stage engines and the later initiation of the _IV devel-

opnmnt with respect to stage _I stage of development. In the case of NOVA, however, tile

N-I, N-II, and N-III stages are almost on an equal tT>oting with respect to engine availabil-

it), and ihe required development ]eadtinte. As a consequence, the block concept fin ini-
tial flight testing of these new stages will be accelerated.

2. Description
a. General

The NOVA vehicle is a three-stage general purpose space vehicle which will be

greater than 280 R'et in length, will weigh approximately 635,0(10 pounds whe,t empty and
9,500,00<) ponnds when flu+led. Its lift-off acceleration will be 1.25 g, reaching 5.37 g at cut-

off o1 the tirst stage. Its initial thrust will be 12,000,000 pounds; it will be capable of plac-

ing 350,000 pounds of payload in a 96 minute orbit (300 n. mile) and will intpart escape
velocity to 180,000 pounds of payload.

b. Stage N-I

The N-I stage of the N()VA lannch vehicle will consist of a cylindrical tank slrtlc-

lure with propellants separated by a common bulkhead. The diameter will be 530 inches,

and the length will he approximately 111 feet. It will be designed to load at capacity

7,030,000 pounds of usahle mainstage propellants. The stage will be powered by eigh't

Rocketdyne F-1 engines, each developing 1,500,0<)0 potmds of thrust attd using RP-I for

fuel and liquid oxygen as the oxidizer. Four engines will gimbal for vehicle control.

Control signals commanding the engine control actuators originate in tit<" N()'xSX vehicle
instrmnent unit located torward of the N-III.

c. Stage N-II

The N-I1 stage is the second stage of NOVA. It will be a cylindrical tank, 396 inch-

es diameter, and will t)e h)aded with liquid hydrogen for fuel anti liquid oxygen for the

oxidizer. It will he powered [3] by eight Rocketdvne .]-2 engines, each deveh)ping

200,00(} p<)nnds thrust, yielding a total thrust at altitttde of 1,600,0(10 pt)u,_ds. N-Ii will

have a tank design capacity for loading a nlaxinnln+ of 1,333,000 ponnds of mainstage pro-
pellant. Most of the design details are preliminary, pending evaluation atnd seh'ction of an

industrial c()ntraclor who will be reslmnsible tbi: the cotn])lete design, developnient and
delive D' of this stage system,

d. Stage N-Ill
The N-Ill stage is a cylindrical lank striiClilre 320 inches in dialneler, 'l%vo

RocketdyneJ-2 engines of 2l)O,l)(tO pounds thrust each power Ill<" third stage, and both are
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gimballed for conuol. This stage has a loading capacity of 440,724 pounds of propellant.

Adapters at the forward and aft ends of tile stage taper to connect lo tile mating surlktces

of other vehicle components.
e. Instrument Unit

The instrulnent unit will house the prima W NOVA vehk:le guidance and control

instrumentation. It should be located a_s "high" in the system as possible; that is, it should

probably be located in the N-Ill stage or higher Since the primary guidance and control

equipment consists of a stabilized inertial platform, a guidance cornl)utel, and a control com-

pute,, the entire package should be placed as far away from high ener D' vibration as possible.
Insofar as tile commands to control snrt_lces and commands tbr separation are c(mterned,

such commands should lie Kvlayed stage-to-stage downward iiom the control computcI:

E Payload

The payload will he determined by the mission, and the mission will be limited hy

the payload. The main mission will be manned hmar landing. One orbital payload should
be a 350,000 pound orbiting laboratol T, cylindrical, about 320 inches in diameter, orbit-

ing in a 96 minute (300 n. mile) orbit. Other orbiting payloads should be spacecraft in
24-hour orhits. In the case of all orbiting payloads, they should be of minimum density

(maximunl volume). Tire NO_5_. vehicle has an escape capability of 180,000 pounds of

payload, lending itself well for soft landing in irrvestigative spacecraft on tire surface of
Mars or Venus.

3. Ground Test Program
Prior to the tlighl testing, many ground wsls of individual stage systems will I)v

vequircd to demonstrate assuralrce thai high reliability can be maintained and progrcs-

siw'h' improved. A flfll and comprehe,lsive glotmd test program is considered a manda-

torx'requireinent tor NO\% developrnent. It is axiomatic that the confidence NASA Call

pla_'e in tile reliability of any stage, vehicle, or system, is directly proportional to the lime
and etlorl spent in hot-tes{ing, evaluation, redesign, modification and rctesling of all

[4] components and systems. Since manned missions are planned tor the SATURN vehi-

cle, tile design and development of the NOVA must result in a vehicle with an extremely

high degree of reliability and assurance. To achieve this goal with so few vehicles, an

irrtense design and testing program will be estahlished in which safety, reliability, and qual-

ity take high precedence over most other considerations. Integrated with the design arrtt

testing programs must be a highly intensified inspection program. _Ib firlly deinonstrate
reliability and safety, an extensive tlight test program wotrld have to be pertbrmcd; how-

ever, tinr_e and cost restrictions prohibit it. Therefore, a high level of confidence must hc

established through ground testing.
The outstanding factor associated with a comprehensive test program is the ability to

pertorm early R&D propulsion (battleship) testing, tollowed by all-systems vehicle captive

testing and finally tkfll thrust and duration accepumce testing of development tlight vehicles.

Eqtrally important are the many detailed tesLs that rnlrsl be perfornled on individual

cotnponetltS and subsystenls ranging from qualification of valves and switches to static

loading of structural components and propellant tanks.
MSFC is fidlv aware of tilt' benefits to [be| derived through testing, evaluation and

redesign dtrring the development phase of any space vehicle. Each of the proposing c<m-

tractors will be evaluated, in part, based on the completeness of their p,-oposed test ttt<_gram.

4. Production

The tahrication of all three stages will occur at contractor plants. A hot test stand tor
the N-I and a hot test stand for tile N-II will be fabricated. A dynamic test stand for the

C-3 will he modified to accommodate the second stage N-II arrd higher stages as well as to

independently have a capability fnr first stage N-I accommodation. This test stand in
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pt)ssessitm of MSF(_ will he available fin N()VA testing t)y perst)nnel of the N()VA prime

cont,act(n. The load testiDg facilities of MSFC, to be buih for C-."I lesling, are in this stalus

cal)ahle of h)ad I('sling NC)VA stages. The iml)<ntant'e here is that f)arallel dynamic and
load testing is thcililated.

5. Reliability

Xs already menlitnled in Ihe above paragraphs, a high degree of feliahility is required

tot all componenis and systems. Therefi)re, a conq)rehensive reliability program will he

carried on by the NOVA prime contractors. MSFC will provide the detailed work state-

men! for such a program which will encompass the tbllowing broad reliability areas: man-

agement and lechnical organization, l)ft)gram planning requirements, engineering

design, subcoIHractor and vendor control, reliat)ility goals and evaluations, testing pro-

grams, tailtue analysis and data collection, (l()clmlenlatitm and l)v()gress reports, and man-

ul_tcturing and handling procedures. MSFC will mollilof vnajor control poinCs in the pro-

gram and will evaluate tilt" program progress at detinite detail and all stages in the NOVA

program.

15] 6. Possihle Change in Contiguralion of N-Ill

In view of the recent decision to change tile _II diameter from ?;20 to 360 inches, it

will he desirahle I(1 investigate a similar change tor N-Ill. There are, howevel, some (lit:

ti'rences in the two stages which sh()uld be mentioned. ()he (litIivrence is in tile tlight tra-

jectt)ries; S-II is the il_jeclic)n stage in an orl)it:d tlight, whereas lhe N-III will he injection

stage lie escal)e missions. There is, als(), a 1 1() 4 weigh! tall() of payh)ads in orl)ital llighls

if the N-III is used R)r (nhilal in_ie(ti()n. Another 1_.('t()1 i/l:e¢ he a prot)ahle difti.'fence in

the number of engines. In view of these and other (liffe,'en('es, i! ap[)ears thai liltle other

than handling equit)ment and some tooling and inlernal parts will 1)e interchangeahh, ()n

the two stages, h still may he desirable, howeven fiom the stantlp()itlt ()f lest stands and
other conside,ations, to make Ihe N-III lhe same diameler as the S-It.

Pevf()vmance-wise, there appear 1(1 he Ho mai()r ()hje(li()vJs to either diameter except

thal payloads, guidance t)ackages, and inlertace 1)vol)lcnls may he somewhal simplitied by
the use of a similar diameter.

7. Vehicle I)escviption
(;eneral

The N()VA vehicle will he 28?; feet in length; its tirst stage is 530 inches in diameter

and al)l)roximately 111 feet long; its see<hid stage is 396 inches in diameter and approxi-

mately 106 feet in length; the third stage is 320 inches in (Iiameter and approxitnatelv

66 feel long. The tirst stage will t)e powered I)y eight Rockel(lyne F-l engines which wiil

use I_OX and RP-1 as propellants; each engine will develop 1.5 million pounds of thrust.

The second stage will be powered by eightJ-2 engines which will use I_()X and LtL as t)ro -

pellants; each engine will deveh)p 200,000 pounds of thrust. The third stage will be l)OW-
ered hy two.l-2 engines ....

(hnves and chatts al)l)ended to this report show the following characteristics of NOV-k:
(1) l)istribution of Normal F<)rce Coefficient

(2) El vs. Station

(3) Weight and Pfopulsion D;_tta

(4) N-I, N-It, N-III Stage Weight Breakdown

(5) [Control and (;uidance] and Pitch Moinent of Inertia vs. Burning Time
(6) Normal Force (]()efficient vs. Math Numher

(7) Center of Pressure vs. Mach NtHnber

[6] (8) Vehicle Drag vs. Math Number

(9) Proiected NOVA Reliability
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(10) Trajectot 7 Data

(11) Design and Expected Bending Moments vs. Station

(12) Design and Expected Shears vs. Station

(13) I_ongitudinal Force vs. St,tlion . . .

Document 1-34

Document tide: A.O. Tischler, Chief, Liquid Fuel Rocket Engines, NASA, to David

Aldrich, Program Engineer, Rocketdyne, July 29, 1959.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

7"he development of the powerfid F-I rocket eng'ine wa_ a technoloffical challenge .]rom the start.

Nothing r_similar scale had ever been attempted. Shortly after receiving the F-I development contract

Jmm NASA in.January, 1959, Rocket_O, ne began fidl-scale injector and thrust chamber t_<_t*.It .won
discovered a combustion instability pn_b&m--that is, the burning (?/the rocket fuel was not even across

the /ull width of the injector plate. This concern was common to the earl), stages o] most rocket enffine

&7,elopment effbrts, but g'iven the size o] the F-I, it could lead to mtzjor pvbb'm_; shm:k waves firm

the instability cottld de_tr O' an enffine in milli, econds. The pPvblem wa.s not easily or quickly soh,ed

and, within-there year_, had become one of the pacing technolog'ical challenges q/the Apollo pr%,'ram.

[1]

Rocketdyne
A l)Msion of North American Aviation, Inc.

6633 Canoga Avenue

Canoga t'afk, (]alifornia

DPI_(AOT:bw)

29.]uly 1959

Attention: Mr. l)avid Aldrich

Program Engineer

l)car Dave:

:Ls you know, the National Aeronautics and Space Administration is concerned about
the occurrence of destructive combustion-driven oscillations in the experimental work on

the F-I engine. We feel that continued occurrence of combustion oscillations can jeopar-

dize the developnmnt to a greater extent that an), other single factor. Therefi)re, we are
anxious to do all thai can be done Io eliminate combustion oscillations in order to assure

expedient dew,lopment of the engine. Tiffs must be accomplished in the tace of a limita-
tion of available funds: planned work must be consistent with flmds.

In the assessnlcnt lealn meetings otJune 13-15 your people reviewed your program on
combustion-driven oscillations tbr our benelit. The assessment team's opinion of this

review was Ihal a inote detinitive step-by-step program aimed specitically at the F-I engine

development would be required. This is, I believe, in line with your own plans. Such a pro-

grain may encompass model testing to develop empirical solutions as well as applied

rese;,ncll into the iIIore fun(lanwntal aspects of the problem. Since such as prograIn

requires well planned integration, your recent tbrmation of a panel on combustion-driven
oscillations will I)e valuable in putting together procedures aimed toward a solution. The

program plan should explain what each test or each experinlenI is intended [2] to



EXPI.()RIN(,TIlEUNKNOWN 135

demonslrate,whattileanticipatedresuhwillprove,whatanoppositeresuhwouldindicale,
andwhatineithercaseshouldfollowtocarryyourunderstandingprogressivelyfurther.

In connectionwith thisproblemARD(;[the Air Researchand Developmenl
(;ommand]proposestomakeahistoricalsurveyofmelhodsandtechniquesnsedIocir-
cumventtheproblemin the past. It would be appreciated if you would cooperate in dis-

cussing with and p,oviding to ARD(: people ([Ballistic Missile Division]) and the former
[Western Air Development Comnland] WAD(: group, hencetorlh stationed at [Edwards

Air Force Basc], all technical information requested on this sub.ject. Lt. Fred Anderson

(now at [the Eastern Air Force (:omman(i requirements I)ranch]) is expected to contacl

you shortly.

Since a better identification of what goes on in the chamher may yield valuable clues

t() the phenomena the assessrllerlI team thvored more complele instrumentation of the

lest equipment in fttture operalions. Records of valve opening and seqttencing should t)e
mated with chamt)er instrumenlati(m records.

Concepts ti)r attenuating tile c()ml)ustion oscillalions before test hardware damage

occurs must be considered. Ttw R(:C [rough comtlusli(m ctll-()ff] (levite appears to detecl

the occurrence of oscillations but the slowly-operating valves prohibit shut down in time.

(]an some ()tiler taste," syslem or melhod to alterntale the oscillations he used?

The assesslllc[ll lealll observed lhal hydraulic simulation of the valving an(t t]ow opt'r-

ations woul(I t)e valuahle but lilal StlCil simulation cam]()l t)e consi(tered complete withotLI
a turt)ol)umped flui(t system to work with.

NASA sees manned vehicle application as a ft|ture retluiremenl of tile F-I engine. While

it is prohahly too early to consider what needs to t)e (hme t(r (lem,mstrate a high (legree of

reliability in lhis engine the |ulure nee(l for such (lemtmslralion should be anticipaled.

Yours truly,

[signed "Oscar Bessio for"]
A.O. Tischler

Chief, I.iquid Fuel Rocket Engines

Document 1-35

Document title: D. Brainerd Holmes, Director of Manned Space Flight, to Wernher
von Braun, Director of Marshall Space Flight Center, "Combustion Instability of F-I

Engine," January, 26, 1963.

Document 1-36

Document title: A.O. Tischler, Assistant Director for Propulsion, to Milton Rosen,
Director, Launch Vehicles and Propulsion, "First monthly report on F-I instability prob-

lems," February 15, 1963.

Document 1-37

Document tide: Wernher von Braun, Director of Marshall Space Flight Center, to D.
Brainerd Holmes, Director of Manned Space Flight, "Response to Letter of January 26,
1963," March 11, 1963.

Source: All in NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.
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NASA and Rocketdyne engineers had known Ji_r some time that addressing combu_gtion instabilit_i

would be a major problem in qualiJ._'ing the F-I engine Jot use in the Saturn/Apollo booster. They

believed that they. had the problem under cvnt_vl until an engine was destr_,ed during a June 1962

test. Attempts to address the problem du_ug the rest of 1962 were not successful. D. Brainerd Holmes,

NA),'A _ Associate Administrator fi_r Manned Spaee Flight, even considered abandoning the engine at

one point. One concern was whether B_'nher yon Braun and his m:_ociates at the Marshall Space

Flight Cent_ who were in charge ofF-I development, were being sufficiently resTJonsive to sulNestions

coming from outside that eente_:

After a Janumy 31, 1963, review o['the situation, Holmes was persuaded not to start another eng'ine

d_'velopment effort and to move Jm_l,ard on the assumption that the problem eouhl be soh,ed without

threatening the overriding objective t_ meeting President Kennedy _ "beJbre the decade is out" objective

fin the lunar landing. He was also assu_ed t_, yon Braun that all good ideas, whatever their source,

were heing taken into account. Various ad hoc approaches to the problem were tried in succeeding

months until a stable baffled injector design was developed, liven then, additional fixes had to be

made to assist the engine in recovering ]}om transient instability, problems. Note that the enelosure_

with the Holmes letter to yon Braun, as well as with 7"isehler_ monthly report, do not appear here.

Document 1-35

Ill
January 26, 1963

l)r. V_i'rnher yon Braun, Director

George C. Marshall Space Flight Center

National Aeronanlics and Space Administration
thmtsville, Alabama

Subject: (]ombustion Instahility of F-I Engine

Dear l,S,\.rnher:

We haw hecome increasingly concerned over the l)rohlem of comhustion inslahility ot

the F-I engine. In t_tct, the recent decision to limit test firings to tifteen seconds duration

because of these instabilities was vel T disturbing to me. It is ditticult to see that progress is

being made, although I recognize thai such development problems are not solved rapidly

and often entail major hardware modificalions even during the periods of experimentation.

_k" would, however, like to see the specitic steps which are being planned in the analy-

sis attd experimentation to be programmed fur the months ahead. 1 have asked Mr. Rosen

to contact your propulsion people in order thai I can be brieti_d by those intimately involved

in the F-I engine developntenI concerning our plans in the handling of this ntatter. It is my

tmderstanding that this meeting is schcdttled to he held in my ()ftice on Janua))" 31st.

,-ks you know, Dr. Seamans has li)r some time believed that this problem is one of the

most serious in otn entire manned hmar landing development program. I have attached

for your information three memoranda which I believe are self-explanatory. One is a

ntemorandnnt front Mr. Dixon to Dr. Seamans concerning his view on the subject. The

sec<)nd is a letter to Dr. Seamans from Dr. [John C.] Evvard which references the third

tnemorandunl from Dr. [Richard] Priem [at I,ewis Research Center]. ]scs you will note,

these memoranda give the impression that the suggestions of the I+ewis people have been

largely ignored. I do not know if this is a fact, but I do believe the problem has reached

such serious proportions that we should all he vet y well aware of the specific steps being
taken to ctldeavor to reach an early soltztion.
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[2] I would most appreciate it if you would give this matter your personal and urgent

attention and advise me at an early date of the specific actions _,hich you judge we should
undertake at this time.

Sincerely

l)r. Brainerd Hohnes

Director of Manned Space Flight

cc: Dl: Seanlans

Mr. Rosen

Enclosures: (1) To Associate Administrator from Thomas E Dixon, JanuaD' 18, 1963,
"Comt)ustion Instability of the F-I Engine"

(2) To Dr. Seamans from.lohn C. Ew,ard, undated, same title

(3) To Deputy ±_ssociate Director for Research fiom Dr. Priem, dated

Decelnber 12, 1962, "Conlt)ustion hlslabililv with F-1 Engine"

(4) To MI,/Mr. Rosen from M/Mr. ttohnes, Jaliual y 26, 1963

DBH:as

Document1-36

[]]

UNITED STATES C,OVERNMENT

AIEMOI_4AT) I "_'_1

TO:

FROM:

SUBJECT:
DATE:

ML/Milton Rosen

MI.P/A. O. Tischler

First inonthly rel)ort on F-I instability problems
Febrtta D' 15, 1963
bl-M 1,400(l.(136

National Aeronautics and

Space Administration

This rel)orl will discuss background of the F-I instability problem, will review current

theories of the oscillation mechanisln, will survey design m('_dificalions in work and possi-
ble eft+eel on F-I engine pr()gram and will indici_te supporting activilies.

HISTORY

Confl)ustion-driven oscillations were recognized at the onset of the F-1 engine devel-

opment as the most critical prot)lem lacing the engine deveh)pment. Project directi<m
demanded intensive effort in this area and this effort, as planned by Rocketdyne, was rcen-

forced [sic] after a nulnber ofoccurretwcs m the early thrust chamber tests. Subsequently,

repeated oscillation-free operation of the thrust c](alnber with one particular it!jet-tot

(5-U pattern) resuhed in a tapering off of activity to examine engine stability. This in!jec-

for tilrthermore perlnitted slablc operation of engine tests during tile ea_:ly phases of
engine testing, h is noled, howeve]; that I)ec,mse (if turbo-pump test t+ailures <m the furl)o-
pump stand really of the early engine tests were run al a derated thHIsl (it about 1100k.

Morc recent testing ol +tile engitlc at lilll thrttsl has, on occasion, resuhed in main-

stage combustion<hiven oscilhttions leading to aulonhilic It'l+nlinalion of the It:sis ]Iv a

device called the rough conll)ustion cut-ott + (R(:C). Eighl such cases have occurred ill



l_ A(:(;Ess 1() _}'A(:E: SIEPS ]()TI|F S,\I'!_RN V

240 engine tests. Eighty-four of these engine tests have been at near-rated thrust levels. All
of the full thnlst tests have been made with either the 5U pattern il_jector, which has a flat

lace, or with a baffled version of this injector. The attached photos show the 5U and

5U Baftled il_jcctor patterns. (Enclosure 1)

Of the eight main-stage rough combustion cul-offs, seven have I)een at full lhrust; one
occurred helow 1400k. It is noteworthy that, except for some early engine tests, the engine

has shown remarkable stability through the start transient. Although starting often serves

to trigger instabilities in liquid engines, the F-I has been free of oscillato W troubles dur-

ing start; all recent cases of rough combusti(nl cttt-ott have occurred during steady thrust

operation. In 168 engine tests with a fiat-face 5U pattern injector, five cases o|' instahility
have been observed. This is an incidence |+ate of about 3%. In 15 tests with [21 the 5U

Baftled injecton three cases of instability have occurred. This is an incidence rate of 20%.
Howevm, the severity of the oscillations is ditterent for the 5U and 5U Baffled injectors.

hlstahililv wilh the 5'U it_jector resuhs in ve D, rapid extensive damage to the il!jector t_tce
and, very often, to the comhustion chamher walls as well. With the 5U Baffled 1latter+n,

howevel{ cul-olI can be initiated before damage I)ecOllleS excessive. "llle challll)e[ is gen-

erally operable. The it!jet|or lace may be scorched and the haftles slightly h('n! btlt the

injector is generally reusat)le

OS(;II,I,NI'()RY

The modes of instability of the 5U and 5U Bailled injeclor are (li[ti'renl.

lnstrumenlati(in traces of engine tests with a 5U injector show the characteristic tte(luen-

cv (670 cps) and wave fi)rnl of the tics| tangential mode of oscillation in 111(*chaml_ev.

l_Yessuce amplittl(les rang(" from 15(10-2(100 psi peak-lo-l)eak. This is the pre(Ionfinant con>
husti<m-(hivetl mode that has destroyed haldwa,e in other engine programs.

Instrumentation ll'aces of all engine run with a 5U Battled itljettc)Y show a fre(llmncy of

ahout 350 cps at amplitudes of 700 to 90(t psi |leak-to-peak. Tim wave form, instead of

being opp(>site in phase at opposite ends of a diameter o[ the chamber, is in this case in

i)hase acr4_ss the entile injector face. This is theretove not a transverse acoustical mode. A
second fiwm of instability with frequency of at)()tll 500 cps has appeared with one 5U

Battled injector during two tests. This instability had the phase relationship of a normal
transverse mode ahhinlgh not the tre(luency. !1 is also of higher amplitude Ihan the h)wel

frequency mode. This may he a damped fovnl of the transverse oscillation. Damping tenlls

1o depress fietluencies.
The 670 cps corresponding to the thst tangential mode olacoustical oscillation in tilt'

chamber also corresponds roughly to the wake frequency of the blades of the tuvl)o-I)Um p.

The pressure pulses delivered by each blade have been meastued.jtlsl dOWllSllealll of the

tu,-bo-t)umt). These pressure excursions aye abou! 75 psi peak-to-peak. Both Ihe fuel and

the oxidant pump, which ntn at the same speed and ha','(' the same number of blades,
cause such excu,sions. The coincidence of these frequencies is recognized as I)ad and lhe

retail)m ()[ blades in bolh tromps is being changed from six blades to eight to mismalch

the fiequencies. In addition, the dome of the injector, which serves as a plentml chaml)er

lot the oxygen supply, has a characteristic "ring" under th)w conditions of about 350 cps,

which corresponds to the frequency observed with lhe bat]led in ject(iYs. This dome is

being redesigned to change its vibrational character|slit. Thus, the injection system of the
chaml)er contains several driving ti)rces which are potentially ()scillalory and which can

couple to produce the observed instahilities of the F-I engine. It is clear that the engine
is not likely to be cured of combustion-driven ()scillations I)y injector I31 redesign changes

alone. B()fll the contractor and NASA have recognized Ihis. Steps are being taken to

redesign and correct those coupling systmns which appear Io att_.'ct the oscillation ten-

dency of tilt, F-I engine.
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CONTRACT()R ACTION

Design actions taken I)v the cotitractor to sup|)r(,ss combtmslion-drivt, ul oscillations in

Ill<+"F-1 engine have I)cen divotloci in courses. These arc 1) allcmpts 1o isolate the t¢'cd svs-

lem from tht! combustion chainbeh and 2) it+j{'(lor modification intended lo produc<_: a
stal)lc in.jcctor pallcrtl. Tht, tirst c()tHsc has includtxl changes in the nunfl)er of blades on
the tttrho-pumps It, "tlctutw" the systems alrcitdy incnli<)ncd ill this lllemoran(iutn, list' ()f

dome modifications to prt)vidc improved fce_d system isolation, widening of ccrtain
vestricled flow passage's in the dome to prt'vcnl relWatcd ,lccclcvalitm and (Icceleralitm of

the inlel (Iox) flow. To date, a compartmclllcd tlt)m(_ . . . which separales to prevent flow
from lhe diamctritally Opl)OSed oxygen ink'ls has t)ccn tal)ricaled and is being s.hicctca
to test. h is believed thai these opposed tlows tt'llded to generate a "tlullcl:" ARcr engillt"
tests with /his obstvucletl dom(_ have hccn (:omplclt,d, it will be "t)onfl)cd" with an explo-
sive charge to delermine whether it is dvnamicallv stable.

Along the other (otHsc, a series (;f delaile('l il_jct:lor designs have been laid out.

Designs t:oml)rising approximately 14 ditt('rcnI il_jcclors arc planned and eighl arc being
tabricated tbr Ic.'Slillg ill :t |)rllglalll continuing lhl'ollgh IIII)Sl Of calendar vcar 1q63. The

move convcnlional design il_icclors will I)e evalualcd I)v Ihe middle of Junt"1963. The pvo-
du(:tion engine illjc('ItlY design release r(,+:llfircmt:lll is'the end ()f Jtmc.

Am(rag Ihc i_jcctor patterns to 1)c ¢'valuatt,d art, some whicl_ dt,pavl from the usual

",+aviation iH it!jcctor clenltult [)attcHis and cxpltwc tilt' <.,[l_+(Is of gvoulfiNg clHsl(,rs of cle-
lllUIllS ill it Iliitllll('l" Ihat will producc a non-unifornl flame patltun within the coltll)ust(lr.
Such concepts hart, 1Ill1 hccn applied htwetofilrc to avt)id c_)mhuslitm-(hivcn oscillalions.

Preliminary results using scaled hardware (H-I cnginc) indicate promise Ihat such gross
irtjcclor grolq)ings will Slq)press oscillatit)ns. Another pattern will i1_jecl propellants
Ihl'l)ugh ('(lll('t_llll'i(" [lll)Cs CalTil'd otll illlt) Iht" ('f)111|)tislion ('llitillt)Cl" ;tl v;Iri<)tts ([islallc/,s It)

distribult, lhe flame tionl axiallv.

The lead limc tbr some of II{e major design changes, pavliculavlv lhose which involve the

lurbo-pump or Ihe iqicclov dome, is of the ovdcv of a hall:veal: Such (:hangcs, in work now fiw

;.tt)OIlI []II-(!C IllOlllhS, 111"(_ sli]l st_Vt'l'_tl lllOllllls ['l-i)lll ('xf)cliIIICIIlitl ('v_,lhlalioH. Bt'(:atls(" o|" I:11c

importance of these cxperimcn/al evaluations to the l)rognml progress and schedule, lht' IIt)F

real hardware lead times have bet's gvcalh,, reduced bv special handling on ilcms afltwling, F-I
slat)ili/y. Fabricalioll lime on il!jector's ho'lc pattern ¢ilangcs, tbr example, has been rcduc(,d
fiom aht)ul fly(' motllhs Io six weeks.

[41 In addition to Ihese mainlitw coulscs, several tither avcmles are being explored hy thc con-
ll';l('loi: Tilt's(' inthldt, the invt'sligali()ll of various addilivcs to the thel and Io Ihc oxidanl.

RE(:ENT TEST EXPERIEN(:E

+l\v<) a(lvalwcd it_jeclor dcsigns were tested t'arlv in February as pan t)t the il_jettor

evahtatiotl pv<)graln. A triplct desigm a radical del)arture from ('lll'rt'lll F-I pattern c<)n-

((+])Is+ WilS lrit,tl in lhe thtust chamt)el slatl(t and "¢,+enl utlslal)l¢, Sl)t)ntanc()tlslv its it wt'Hl

into maill-stagt,. A splash ring ir!jt'ctor (jets impinge on its surtacc and tan ou_j was tested

and made one shtlrl run. The second run was "l)ombed +'and it went trustable damaging a
1)ortitln of the stand suclion piping. In the meanlinm, a 5U l]al |lit'i'll il_i(,cl<w with diuns

alld t)aftlcs it1 the liqttid passages fi.'eding the i_jector tact 1o isolate the f(wd system has
I)cen act:mnulati_lg inq)rcssivc lUn_ling lil'tlt's wilhOlll goitlg tmstahlc. Two sh(/ll lhlllSl

chamhcr cht'ckoul rims were matlc with this iqjcclor before il was installed ill engine #1

bill it has not l)ccn "l)_mll)(,d." h has opct-alctl succcsslhllv seven times in the engine fi)r a
total ot671) s('(t)llds. ()_l(" f)t+lht,s( , ]tHis was for 151.3 s('(()]l(Is f)l(ht]-atif)_l at ralcd thrust.

It is t/humcd If) (<)tHint_(, Ihis nl<)(lifi+,.d 5Ll i_]iettf)r i_l ('ngi_l<.. #9 tilt + several ad(lilif)nal

runs. Tht, n it will hc v('mf)vcd and h(>nlh('(l in ,I thrust chamt)t,r lt'st I, sct +if il is cap,d)lt,
f)f sm<lf)lhillg f)ut tht' distuH)an(c.
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PERSONNEl,

Rocketdvne has established a special development group within its R&D organization

to attack this particular problem. This group is under Mr. Paul Castenholz and Dr. Daniel

Klute. The group presently numbers 142 people. This relatively large group has

autocratic authority within the program to take whatever action is deemed necessmy to
solve the combustion problem expeditiously. At present, there is no money deficiency.

The higher rate of spending as a result of this group activity will generate a program
money deficiency early in FY 64 unless money is forthcoming immediately. In FY 64, [the

Office of Manned Space Flight] has projected a requirement for the F-I program of which

represents an increase over the original submission.
In carrving ont the investigations on the cause of combustion oscillations Rocketdyne

has had direct manpower support of NASA ([Marshall Space Flight Center]) personnel.
Rocketdvne has employed nationally-known consultants to assist in the interpretation of

the prot_lem and the data records.'In addition, [Marshall] has formed an ad-hoc com-
bustion instability group trader the chairmanship of Mr. Jerry Thomson. This group

inch(des Dr. David Hmjie of Princeton University and Dr. Richard Priem of [the Lewis
Research Center]. [Marshall] is also buying some technical support in the form of addi-

tional contract work with Princeton Universily and General Electric. Some of the com-

mittee members are listed on tile attached sheet. (Enclosure 4)

[5] FACilJTIES

To accommodate the additional development investigations hy Rocketdyne, a secon¢l

position of thrust chamber test stand 2-B is being activated. In addition, a high-liquid-flow-
rate water bench is being constructed to test the hydraulics and dynamics of the injectors

without combustion. Additional instrumentation suitable for measurement of high fie-

quency phenomena w411 be employed in eve O' test engine and chamber in order to obtain
far tifller information about the Colnhustion phenomena. The additional reqtfirement

being programlned fi)r this puq)ose is reflected in an additional [Construction of Facilities]

requirement of $3.3'_m during tile current fiscal year. This amount does not include approx-
imately $(l.95m required as payment to the Air Force for not removing numerically con-

trollecl machine tool equipment from Rocketdyne's Canoga Park fabrication faciliD'.

EFFECT ON LUNAR lANDING FIJ(,HT SCHEDULES

The present ditticuhies in the F-1 engine development do not jeopardize tlight sched-
ules. The PFRT [Preliminary Flight Rating Test] (late is threatened and PFRT may he

delayed to the end of tile year to provide time to evahlatc the several i11jectors which will

be tt'sted in June prior to final PFRT configuration selection. Such an occurrence will

delay the delivery of the first complete S-5 set of ground test vehicle engines from January

64 ti_.lune 64. However, it is not intended to use all five engines in the earliest phase of

the vehicle ground test programs. Accordingly, an April delivmy of one F-I engine would

permit the acconlplishment of planned ground test programs without delay to all',' flight
schedules. Such a schedule, on the other hand, has the disadvantage of having taken up

most of the "slack" in the gr<>und testing program. The 'q'all-back" schcdule proposed hy

[Marshall] persomml is shown on Enclosure 2. It should he noted that this schedule has
not been reviewed by Dr: yon Braun nor has any "fall-back" in scheclule hecn sanctioned

by [the ()ffice of Manned Space Flight].



EXI'I_()RIN(; TI IE UNKNOWN ] 4 1

[OFFICE ()F AI)VANCEI) RESEARCtt AND TECHNOLOGY] SUPPORT

A memorandum has also been prepared to encourage an intensified [Office of

Advanced Research and Technolo D, prograul of support in the examination of the [hnda-

mental combustion processes drixfng these oscillations. A copy is auached. (Enclosure 3)

Ellclosllres:

Photos ((_)
Schedule

Ltr to R. Bisplinghoff
Personnel Roster

A. O. Tischler

Assistant Director for Propulsion

Document 1-37

Ill
NATIONAL AERONAUTICS ANI) SPA(;E ADMINISTRATION

(;EOR(;E C. MARSHAI,L SPACE FIM;I IT CENTER
tt UNTSVII_I ,E, ALABAMA

In reply reRw to:
M-DIR

MAR 11, 1963

Sit. D. B,ainerd H_llnes

Director

O[fice of Manned Space Flight

National Aeronautics and Space Administration
Washington 2:5, 1).(;.

Dear Brainerd:

In response Io your letter of.January 26, 1{t63, I want lo reaftlrnl illV personal concern
and awareness of the prol)lem confronting us regaiding combustion i_lstabilitv of lhe F-I

engine. We at [Marshall Space Flight Center] have taken what we believe to be'all the log-
ical steps necessary to bring about a rapid and final solution.

Your h'tter contained a number of questions and commenls which, l have been told,

were adequately answered at NASA Headquarters during the [Marshall]/Roeketd,me pre-

sentation ot.]amlal T 31, 1963. However, I feel it necessaD, to re-emphasize som_, of the
remarks made at that time.

A_s you are aware, the test limit of 15 seconds duration was imposed temporarily and

voluntarily on engine runs with ir!jector configurations proven to be risky and inadequate,
and in the absence of any better known designs. This was done in an eff'ort to conserve as

much hat-dwave as possible. At the same time it would permit us to run as many tests as

ti+asibh" with hardware, which if permitted to run longer durations, would possibl,i' tail. ()n

the other hand, modified hardware incorporating the latest design changes w<_uld have

no duration limit imposed since we are interested in exposing such new designs as realis-
tically as possible to verit}, the validity of these modifications.

[2] At the present time, two engines are being tested at Edwards Air Force Base. Engine
#009 with the new injector/dome hardware, having satislhclorilv coml)leled a series of

lesls (including eight hmg duration runs) since the first of Febrn_uy, is being replaced by
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engine #008 (also with new it_jector/doniie hardware). Engine #010+ utilizing tile older

design iuiector/dolne hardware, has been lilnited to 15 second tests. This engine will have

;.is its pril,nal_' objective the demonstration of tilt" gimbal capability of the F-I engille. I feel

that the approach being taken on these engines is sound and reasonable.

Regarding y(),lir conceFn that suggestions [toln l+ewis Research (;enter have been

largely ignored, I all/ inforniied that this too was satisfactorily answered at tile Jan,lmry 31,

1963, presentation. Suggestions made by the F-1 Stability Ad t loc (]omnlittee, of which

l,ewis Research Center is a member, have been incorporated into tile F-I il_jector/d<lme

l)rogram and have aheady resuhed ill hardware or are currently in design. As a lllatter Of"

tact, the day of the presentation ai,l il_iector COll|]g,lIl';.ltion suggested hy Lewis was

(-otl,li)ollenl-tested with tnlS,liccessfnl results.

I hope that as a result of the presentation on January 31 1963, you have acquired the

feeling that everything whichi t:alii logically hc done to bring about a rapid solution to this

problem is being done. 1 also warn to _.Ssilre yon lh_ll [Marshall] will toni|role to be

responsive to COl'LSil'llCtive inputs fronl olher areas, and that ! will give my personal :.,ltlet,l-

ti(nl to the eft<n-ls on the F-I program.

Yours very truly,

Tl,,_reFnhLeF von BFa,LH1

l)irector

(;opies to: NASA I leadquartcrs
Dr. Sea|arts, :\A

Mr. I.ow

(;;tl)t. Freitag, MI+

Mr. Tischler, MI,I )

Mn King, MI+PL

Mr. Bessio, MI.PI,

Document1-38

Document tide: George E. Mueller, Deputy Associate Administrator for Manned Space

Flight, NASA, to the Directors of the Manned Spacecraft Center, Launch Operations

Center, and Marshall Space Flight Center, "Revised Manned Space Flight Schedule,"

October 31, 1963.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

I,)nding wa'¢._ to shortett the dmmlopment lime o[ the Saturn boo._tm:_ was o] eon._iderable importance

in achieving PFe,_idgHl Ken.ed_' _sgoal o/plaein E a human on the Moon zoithin the decade. Based on

his experieme in managring the Minuteman ICBM pmL, wtm, George F. Mudle_; NA,g/Us new l)eputy

AL+L++,eiateAdmini._trator [br M_tnned Space Flight, proposed to accelerate the te+t [light sehedule jhr the

Saturn IB and Salur#t I' b_, le.slitPg all elemenl.s +?/the system togethe): The n,'_o ._chedule was approved

qfier considerable debate, /esuRing in "all-up" test [Ii_.OllL__?] the laum'h vehicles and spaeec)afi much

earlwr than had beet* orig,'inall_' planned. Thi.s acceleration o] the test schedule wa.g one o[lhe tvueial

decision_ leading to a 1969 lunar landing. 7'he two figrures re]erred to in thi.s memorandum do not

.ppe.r here.
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[1]
NATI()NAI+ AERONAUTI(;S ANI) SPACE A1)M1NISTRATION

_X.St lINt.TON 25, D.C.

IN REPIN REFER T():
M-t: M 9330.186

O(71" 31, 1963

TO:

FR()M:

SUB IE(:T:

Director, Matured S[)acecra|t (]enter
Houston 1, Texas

l)ireclol. [+aunch Opcrali()ns Center
Cocoa Beach, Fh)rida

I)irectt)r, Marshall Space Flighl (;enter
Iquntsvilh,, Alabanta

l)eputy Associate Administrator for Manned

Spa(e Flight

Revised Manlwd Space Flight Schedule

Recent schedule and budget reviews have resuhcd in a deletion of the Saturn 1

ntanned flight ptogranl and realignntent of schedules and flight miss+tin assigmnents on

tile Saturn IB and Salt+ill V pl+<).krl*itlns [handwritten underlining]. I1 is IllV desire at this

time to plan a tlight schedule which has a good prt)bat)ilitv <)1 being mei ¢)r exceeded.

Accordingly, I am proposing that a [light scheduh, sltclt as silown in Figure 1, with slight
:td]ilslments its required It) l)revetll "stack-ul+ L" l:,e accepted its the official launch schedule.

(:()ntractor scheduh+s for spacecrafl and launch vehich, dclivt'ries sh()uld be as sh<)wn in

Figure 2. This would allow actual +lights t() lake phtc(' several months earlier than the ()Ifi-

cial schedule. The t)erit)d if tel +checkt)ut at the Cape and prior to the ollicial launch date

should b(+ designated thc "Space \:chicle Acceptance" period.

Wilh Iegard t<)tlight missions fi)r St+turn l, [the Manned Spaccclaft Center] should indi-

ct+(" when they will tie in a position to prttpose a tirrn missit>u and spa(:ecrat] contiguvati(nl

fi)r SA-I(). [The Miushall Spac¢+ Flight Center] should indicate the cost of a nielc<)i()id pay-
load for that [light. SA-6 through SA-9 missions sholtld rcntain its presently dcfincd.

[2) It is nly desire that "all-up" spilcecrafl and launch vehicle flights 1)c ntadc its early :is

possible in Ihe progrant. To this end, SA-201 and 501 should utilize all live stages and
sh()uld carry comphqe spacc¢rafl fin- their respeclivc missions. SA-501 and 502 ntissions

sliould I)e rt'tqllrv It+sis of tilt + spacecraft at ]linill l'(+llil-li VCI()ciI_,: It is rec()gnizcd that the

Saltirn It{ Ilighis will have [(k)lillliand Module/Scrvitt, Moduh'] and [(]Ollinialid

MOdlile/St't+vice Modulc/IJular Extursion Mo(hlle] configurations.

Mission planning s]lould c<)nsi(ler lhat two successful _ghts xv(nild I)e niade l)rior to
a ilia++licit flight. Thus, 703 could conteiwtl)ly be the lnsl inanned Apollo flight, lt{)wt'vei;

the otll¢ial scht'dulc would show lilt' first inannt'd flight its 207, with flights 203-206 dt+s-
igiialed as "llian-raling" tlighis.:\ sinlilar philosophy would apply It) Salurn V ti)i-"llian-
ralinf' t]ights with ,507 shown as the firsl nianned llighi.

I woii]d like yo/ii" asscssilIClll (:,f the proposed s('lllfdtile, illcltidilig aiiy cttT<'ct ('ill

resource requirements in FY 1964, 1965 and run-out by Noveniber 11, 19(-)3. My goal is Io

have an (ift]cial scht:dulc rt!tlecting the phih)sophv ¢)utlined hiwc t)v Novenlber 95, 1!)63.

l_]tlcl()sui-es:

Figure 1

Figure 2

(;eorgc M. Low [signed tort
(;eorge E. Mueller

Deputy _ss<)ciate Adnlinistrator

fin Manned Si)a(t, Flight
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Document 1-39

Document tide: Wernher von Braun, "The Detective Story Behind Our First Manned

Saturn V Shoot," Popular Science, November 1968, pp. 98-100, 209.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

"lTte second flight of tin" Saturn V boost_ launclu'd on Ap_l 4, 1968, encountered several ]m, blem._.

htent!_,ing them and introducing _vrrections were essential to maintaining a schedule that wouM put
U.S. aatmnauts on t/u, Moon/,crow the end 0[1969. Omitted here are photographs o/author l_'nher yon

Braun, the Saturn V, and the fitd line. Von Braun _soriginal sketches have been redrawn fir) clarity.

t'.)sl The Detective Story Behind
Our First Manned Saturn V Shoot

By solving the mystery of what went awry last time, engineers give the giant moon rocket

a "go" to carry astronauts on the next Apollo mission.

By DR. WERNHER VON BRAUN

Director of NASA's George C. Marshall Space Flight Center, Huntsville, Ala.

Sketches by the Author

A few weeks hence, at (;ape Ke,medy, lhe first manned Saturn V will thunder aloft--

our 363-toot-high moon rocket. A triumph of detective work has cleared die way toe aslro-

nauts to ride it.

So far, just lwo of the giant rockets have been launched, both unmanned. The first

Saturn V tlight went off flawlessly late last year. A s/ring of mishaps, in contrast, beset the

second one last April. Bnl the diagnosis of these has been so conclusive, and the remedies

so successful, that the unmanned trial will not need to be repeated. NASA has decided to

go right ahead and fly the third Saturn V manned.
The story of how the second Saturn \: tlight's trout>les were identified resembles a

detective thriller. It illustrates, too, modern methods of shaking down a complex space

vehicle.

The last flight. The second Saturn V's lakeott at the (;ape was faultless. For two min-

utes evetwthing looked like a repeat of the first Saturn V's textbook performance. Then
came a little excitement in the launch control center when, ar()und the 125th second,

telemetered signals from accelerometers indicated an apparently mild "Pogo" vihrati(m.

This is a lengthwise oscillation, named after the motion of a Pogo stick, which had
caused no little concern with the earlier Titan-boosted Geminis. It makes a space vehicle

lengthen and shorten like a concertina, several times a second. But [original l)lacement

of first figure] [99] the Pogo vibration disappeared at about the 132nd second.
The second stage's five.l-2 engines, burning liquid hydrogen, ignited exactly on sched-

ule. But engine No. 2 soon gave signs of trout)le. After burning tor ahnost ,t t/2 mitmtes,
it suddenly losl thrust, and its low-thrust detection switch turned it off completely. Engine

No. 3---wl_ich had perlbrmed perfectly up to this point--shut itself down a set(md later.

Deprived of two-fifths of its million-pound thrust, the second stage bravely [ought on

t,pward--with the lrouble-sensing guidance system ahering the climb path m hell)--and
labored overtime before dropping ott. The third stage's single J-2 engine starled, and the

bird arrived in a somewhat ottknornlal bul slahle parking orbit. When it had circled the
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('lue_ to eonking out ¢!] _e_on_L_tage enKine No. 2, on last Saturrt l: an' vketched b_' lh: volt lhaun. Thermmmq_b_ .n Toekel

told (!] /lon, ,![ ,old ga_, a_ liquM hydmge,_ leaked fi'om il.mite, lue/ line and vapori£*d: then, o/hot blmt, at/he ga_ tram eom-

bullion ehamher _purted like bhm,toreh finm ruptured line. l.min K thrust, ent#ine _hut it_elJ oJ].

earth twice, a radio command to re-ignile the third stage was sent. But IheJ-2 engine tailed
to respond.

To get the most out of the rest of the flight, the Command and Ser_4ce Module carried

in the nose w_ks commanded to separate tiom the disabled third stage. After two bums of the

Service Module, the Command Module made its reenttw and wa_s successlhlly recovered.

t lad the flight been manned, tim astl'otlatlkS Wotlld' have returned safiAv. But the flight
clearly left a lot to be desired. With three engines out, we just cannot go to the moon.

Despite the J-2's impressive reliability in tests, two of the engines had conked oul in

second-stage tlight, and a third had balked in orbit. Why, suddenly, three failures on a sin-
glc tlight?

Sleuths find clues. A joint detective team of engineers from NASA's Marshall Space
Flight Center and t]Olll Rocketdyne, theJ-2's makel; went to work. Soon they discovered

chu's. (;ounling time tioln second-slage ignition, telemetered temperature _readings of
tlmrmocouples in the see<rod stage's tail told this stouT:

• At about the 70th second, a tlow of cold gas was detected, which could come only l'rOlll

a liquid-hydrogen fuel leak. The flow pattern clearly located the leak in the upper part
of engine No. 2.

• The cold flow seemed to be increa_sing from the l l0th secoud on, the time when
engine No. 2 began to falter

• Between the 262nc1 and 263rd seconds, a sudden blast of very hot gas came fiom tim
same place--just a split second before enginc No. 2 shut itseif off.

This short hot blast before shutdown was the giveaway. Only tim timl line to the J-2's

igniter could fail in just this way. (Tim igniter is a hydroge'n-oxygen pilot flame that helps
start the engine, alld btlrlls while it operates.)
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A leaking igniter fuel line would spray the surrounding area with coht Ilydrogen,

[original placement of second figure] [ 100] while it kept feeding some tuel into the igtlil-
er. But tile moment the line tailed completely, high-pressure fire gas t]om the rocket

engine's combustion chamber would back up in it and rush out of' the breach like a blow-

torch, rapidly widening tile tmcooled opening. And when the engine's combustion pres-

sure drt)pped I)elow a certain point, tilt! h>w-thltlst sensing device wouhl turn off the

engine, 1)v closing fuel and oxygen "t)revalves " that c(mtrol the propellants' tlow to the

engine lmmps. That explained why engine No. 2 shut down.
But what made the healthy N_. 3 engine quit all instant later? Embarvassingl_, a phdn

human goof. Because of a misiake in _dt+ing, tile electrical signal intended to close engine

No. 2's Iox (liquid_)xygen) prevahv went instead to engine No. 3's prewdve. Thus engine
No. 2, while it shut itself off'be closing its ox+la L/Ud supply, cut Off engine No. 3's lax supply, too.

The third stage's J-2 engine shared the troubles of second-stage engine No. 2. During

its first burn of 170 seconds there were the same telltale signs of leaking and rupture of

the igniter fuel line, including the final hot blast. That put the engine out of commis-
sion-anti so it couht not be restarted.

What ailed the ignite, fuel lines? Tortmed in tests betore, they went on the rack again.

They proved iIllllllllle tO hlcleased [)lessure alld t]ow rales, and to a [;lr lllOrC severe shak-

ing up than in flight. Next came a study of resollalll conditions: l)id bellows seclions in

the lines which provided flexibility for expansion "buzz" at certain flow rates?
It turned out that they did-_bul it seemed impossible to make them t_lil as a result.

Then eight lines were plac_-d ill a x,acuum chamber, l.iquid hydrogen flowed through them

at the proper rate and pressure. Within 100 seconds, every line tailed at the bellows section!
Movies made of bellows' tests solved the myste W. When tile lest chamber was not evac-

uated, surrounding air was liquefied by the extremely low temperature of the bellows

(-350 to-,t00 E) when liquid hydrogm; llowed through it. Tile liquetied air, t,al)ped by

metal braid around the bellows, etIectively damped its vibration at resonant points.

Evacuate tilt" chainber, and (as in space) the protective damping effect was gone.
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OnceIbisdiagnosisof the engines' failures was made, Ihe remedy was simph,. New
igniter fuel lines, with bends in tit{" stainless-steel tubing for flexibility, eliminated the t>el-
lows sections--and thal was all there was to il.

Then, the Pogo fix. The Marshall cenler se! up a Pogo Jhsk Force, too----supported by

experts from other NASA centers, universities, and industD.. The team studied the first-slag!,

F-I engines, made shake tests of parts of the SaltlHl V/Apollo struclure, and reported:
Such is the nature oft rocket engine's operalion lhat the F-Is' thrust and combustion

chambers slightly pulsate, at a natural fieqttency ()f about 5 1/2 cx'cles it second. The

entire Saturn V with a spacecraft in its nose has at natural frt'qttency too, at which it is espe-

cially susceptible to hmgitudinal (concertina-like) vibration, lncrcasing as propellants arc
consumed+ this fi-equency also appr<)achcs 5 1/2 cycles a second at about 125 seconds
a[ter takeoff.

When the structure's responding fi-cquencv matches the engines' driving freqtmncv
Pogo vibrations can occur.

While not necessarily destructive, it 120!1] undesirably imposes an extra, tluctualing
fraction ofa g load on fife vehicle and crew. (Sitting atop ihe hmg Saturn V stack, file rel-

ittivel!,' light spacecraft is subjected to even higher Pogo-vil)ration loads than the engines
at the other end thai catlse !he probh, m.)

Tit(" l)()go team's sohttion: I)etune the two frequencics by placing a tmeumatic shock

absorl)er in the liquid-oxygen line <)f each of the five F-I engines.

(:avities in the engines' Iox prevalves make this easy. Just fill them with helium gas--
which doesn't condense at liquid-oxygen tentperatures--and v()u have the desired shock

absorbers. The first stage's amply supply of helimn for pressmizing the fuel tank can be
tapped to do it. Thus the Pogo fix was made.

Both a first stage with this shock-itbsorlxq-modification, and a second stage with the
new igniter fuel lines, wevc succcssft]llv test-fired last Atlgttst ;Jr the Marshall ('enter's

Mississippi Tes! Facility. The two simple Jixes qualil_,' the Satmn \; tot manned tlighl.
New plans. (:alh'd Apollo 8, the first rn,mne¢l_Saturn V flight will follow the initial

manned Apollo mission, boosted by an I_:prated Satmn l--Apolh) 7, due to have taken
place when this is read.

Apollo 8, likewise, will carry the (:ommimd and Sevvicc Module (CSM); comrarv to

earlier plan!s], it will not inclu¢te the Lunar Module, whose debugging is taking loI{ger
than expected. Plaus fin the fhst nlanlled Saturn V, and later missions, had thereli)re l()
be revised.

APollo 8's new basic mission Plan provides operations with the manned (:SM in low
citl'lh orl)il--and, illtel-separation of the CSM an immanned orbital launch of tilt" Saltlrll

V's third stage into an escape trajectory possibly grazing the moon. However, if Apollo 7

has gone ve U, well, possible options arc under t:(msicleration for the Saturn V. It might

Immch the (NM several thousand mih,s into space. There is even at relilOle possibility of a
spectacular swing around the moon by the manm,d spacecraft. That a mission :is Imld as

the last in even conside,-cd, for the fhsl Satmn to I)(, rammed, bespeaks planners' confi-
dence that all abotl[ it has been set aright.

Document 1-411

Document title: Kurt H. Debus, Director, Launch Operations Center, NASA, to Captain
John K. Holcomb, Office of Manned Space Flight, NASA, "Reference draft DOD/NASA

Agreement dated 20 December 1962 regarding management of Merritt Island and AMR,"
January 2, 1963, pp. 1-2.
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Document 1-41

Document tide: Robert S. McNamara, Secretary of Defense, and James E. Webb,

Administrator, NASA, "Agreement between the Department of Defense and the National
Aeronautics and Space Administration Regarding Management of the Adantic Missile

Range of DoD and the Merritt Island Launch Area of NASA," January 17, 1963.

Source: Both in NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

"Ib accomplish the lunar landing mission, NASA recog'nized that it would have to establish a new,

quite large, launch operations complex. After examining several possible locations, NASA decided to

purchase property on Merritt Island, ju,_t north of the Air Fon:e's existing Atlantic Missile Range

(A311,1) at ('ape "Canaveral. Air l'),re "launch pad_ were to be used fi*r the 3,1ercu)_ and Gemini mis-

Sions. Working out the relationship between _\_4SA and the Air Force was not straigh(finward, because

issue_ _4 relative financial respon_sibilities and q] control over va)4ous phases o[ a launch were

involved. What fldlows i,_ only tire first part 0/ Kurt l)ebu,_ _ letter; and the appendices to the agwee-

rnettl arv not imluded hem

Document 1-40

[ I ] ,]AN 2 1963

LO - DIR

Captain John K. Holcomb
()ffice of Manned Space Flight

Code MI,O

National Aeronautics and Space Administration

I,rVashington 25, D.(;.

Dear Captain Holcomb:

Reference draft DOD/NASA Agreement dated 20 December 1962 regarding man-

agement of Merritt Island and AMR.
1 have reviewed reii2rellce draft agreement and submit the folh)wing corllrllents alld

recommendations:

a. GENE1LM. COMMENTS

(1) The agreement represents a significant improvement over the Webb-(;ilpatrick

Agreement of 24 August 1961 in the management, logistics, and administratiw" areas, t)t).l is

greatly inferior in the technical and mission support area_s. If approved, the draft agreement

woul¢{ clearly relinquish N,_SA management control of vital mission support functions. It

would also prohibit NASA/LOC [l,aunch Operations Center] from continuing develop-
ment activities which have significantly contributed to NASA and DOD programs during the

past ten vem,'s and which could be even more important to NASA programs in the fhture.
(21t :Fhe agreement does not provide ti)r sufficient latitude and independent actions

on the part of either the Director, LOC, or the Commander, AMR, and will retard progress

hv requiring joint planning and actions where this is not he( essarv. Tiffs is not to say that
tile l)irector, 1.()('., and Commander, AMR, should not continue its in the past to make

hest use of the resollrces nlitde available t<) either organization.
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[2] (3)TilerestrictivenatureoftheporlionsagreedonbytheNASA/I)ODnegotiating
team,andtheunresolvedproblemareas,appearstostemti'omabasict¢'aronthepart<)1
theDODnegotiators[halNASA/I:OCwantsl<)"takeovertheRange."Theagreementis
inmanyareasmorerestrictiveonNASAactivilies|hall ottr present practices and agree-

ments with tile Commander, AMR. If this be the case, the fear is completely unfimnded.

However, I strongly beliew, lhat NASA cannot delegate their responsibililv fi)r the fldfill-

ment and execution of assigned programs, inchtding assuring that the ne¢:essatw support-
ing fimctions meet the prograln milestones and requirements in an economical'and time-

ly tashion. This is not contra O, u), but rather consistent with, the concept of NASA retain-

ing responsibility for and control of vital support, but making fldl use of the capabilities
and experience of DOI) in executing lhese fimctions.

(4) Many of the above objections could be removed by NASA retaining the flmding
conlrol of all functions which are vital to NASA programs, pmticularly the [Manned l,unar

I,anding Program]. 'lb accomplish this, I strongly recommend that tile agreemem be

changed, as indicated below in the specific conlmenls, so that NASA will seek appropria-

tions tot and control lhe appropriated thnds, including rel)rogramming ' lot tile develop-

ment and operation of Merritt Island. Items which are t()r the sole use or support of DOD
programs should be excepted ....

Document 1-41

[ll

Agreement between the Department of Defense and
the National Aeronautics and Space Administration

Regarding Management of the Atlantic Missile Range
of DoD and the Merritt Island Launch Area of NASA

I. Purpose and Scope

A. It is the purpose of this Agreetnent to set [brth Ihe general concept of operations

by DoD and NASA and to tix responsibility tiw specilic timctions carried out at the instal-
lations listed below.

B. This Agreement applies to the following:

1. Atlantic Missile Range (Administered by Air Force Missile Test Center--
AFMT(_)

The installations listed below are hereinafter reti:rred to collectively as the
Atlantic Missile Range.

a. (;ape Canaveral. The [[-act now owned or leased by the l)eparmmnl of
I)eli'nse, including the DoD-owned and leased facilities at Porl Cam{veral.

b. Patrick Air Force Base.

c. Sites other than Cape Canaveral within tile Continental United States [i)r

instrumentation and equipment in support of the AFMTC mission (See IV-A-l)

d. DoD downrange instrumentation slations such as those which are

presently located in tim Bahamas, Puerto Rico, the West Indies, the South AOantic Ocean

and on the Aliican Continent; tile DoD air-borne and ship-borne inslrumentalion stations

deployed in the Atlantic and the Indian Oceans; and l|le logistic |)ases in these [racls ill
stlpport o[ the inslrtlmentation slatiotlS.

2. Merriu Island Launch Area MIIA (Administered b v the NASA l,aunch
Operations Center--IX)C)
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a. Tile tract north and wcsi of (;ape Canaveral now being purctlased by

NASA, hereinafter ret_:rred io as MIIA, excluding lhc TITAN Ill site, wtlich is considered

a part ot AMR.

[2] II. Effect on Existing Agreenl,<:nts or Arrangements

A. This Agreement supersedes tile "Agreement between I)oi) and NASA Relating 1<)

the i_tunch Siie for tile Manned l,unar l.anding Progranf' cxecuie(i t)y tile l)epuly

Secretac¢ of l)elk'nse and the Administrator of NASA <)n August 24, 1961.

B. i;,ht}t|ld ltle provisions of this Agrecnwnt tie inconsisient with Ill)l) and NASA reg-

ulalit)ns, or with lhe terlllS of previously execuled agreements between l)oD and NASA,

including agreements covering Ill,<' MER(:URY and (;EMINI programs, tilt' provisions td

tiffs Agreement will govern.

Ill. (;en,<'ral (]oncepl

A. The Doll will coniinue io I)c ltle single manager responsible tT)r lhe dcv,<'lof)nient,

tlperalion, and nlaliagenlelll ()[ rallgO facililies of lilt" Ailanii( Missile Ralige as a lialional

asse[, llroviding C(tllltlltill lanl2,e services io all nlissile itlld space veliMe ]allIl('ll prt)gralllS
of Ill*<" 1)ol) ,tlld NASA. The DoD will similarly I)e respollsibl,<_ |])r rallge operalioll fllllC-

lions ai Mllu\ nnlcss, tt>r con'lpelling lechnica] or opcrali(inal r,<'aSOllS, il is decided joint-

ly thai lhes,<" sh(ltlld noi ])t' iillegraled tinder singlc nianage-melll ....
B. In rec()gnilil)n of ih,<" acquisition by NASA o| MII_% and its anticil)at*<'d use, prc-

(Ioniinanik' ill support o| tile Manne(l l,un_tr l,anding Prograin, and ill ordel it) i)rovide

lliore dil*<'({I COlltro] I)v NASA (it' the MII_& devt.lo|)lllelll alld operalil)ll, Ill,<' Merrill Islalld

i.aunctl Area is cons(tiered a NASA installation, separate illld distinct frolli the Atlantic

Missile Rallg, e. NASA will be fully resf)onsil)le t_li master planning and Ill(: dt, vt'loplll,<,ili

of MII_\ aild will bc lilC host agellCy al MIIA for lllC |)r(ividillg (if I_lcililies and servi,<:es it)

1)ol), as 1)ol) is ht)si ill (',ape (]anav,<Tal alid elsewhere Oil the AMR.

(L In order It) ellstlrt' a lllaxilliUiii of llltlltlal assislallce, an¢t a lllillililiilll _l[" dul)lica-

lion, both l)ol) alld NASA will ilifOl-ln each other of their plails aiid requirellieills aild will

tonslili frilly ie_ar(lill_ their aciivities. (]OllSUllaliOll alid dccision-nlaking liilder this

a_reeillelli Will nornlallv lie carrie,<l ()ill ai the local level, ttowevel\ in tile eve(It thai eilhcr
lilt" Direclor, I,()C, or the (]omnlaildel, AFMTC, ff'els ill a pariictilar silllalioil ilia( lhere

is till iinpt)riani at-ca otdisal2,reelllt!lil which is vital Ill ill(' accoiliplishillt'lil ti| Ihc illissit)llS

assigned it) this organization, tile responsil)lc local auliloriiv will ieler illc lilall('r Ill a

higll,<'r level for ioini resohili,nl.

IV. Respt)nsibilitics

A. (;eneral

131 1. The Air Force Missile Test (]enter (AFMTC) is tile 1)ol) exccniive agent and

single lllanager o[ lhc AMR alld will establish t)olicies and pr(i,<:edtues t_li- the operalion
of Ilia( insiallalion, lis lnission is io develop, operate, and lnanage range faciliti,<'s and to

llr(ivi(h • lallge st,trices to all raii_,e users. 11 does liOl have responsibility tot preparation

and launchhlg t)f missiles or space vehicles.
7. Tile l,atlliCtl ()perali(ins (]enter (1_()(]) is lilt" NASA execilii'¢e ageill and Sili-

12,1enlalla<_er of tile Mll_,\ and will establish lhe policies and procedures filr ltlal inslalla-
lion. In ad¢tiihln, the 1,()(] ]ias certain responsibilities within NASA for preparation an(t

latlllChillg ()f space vehicles at Cap*<" (]allaveral alld MIlA. The 1,()(', is the focal point It)l

all NASA relations with AFMTC, illchldillg lilt" MERCURY and (;FMINI ]lr()granls.



EXI'I,ORIN(; '11IF. UNKNOWN 15 1

3. Within the wrms of this Agreen+ent, tilt" agency designated as wsponsibh,, for a
given ihnction will either perfornl that Im_ction or have fttll power to <,letermine how and

by' whom that fun<,:tion will be perfonne<,l. AFMTC and I+OC s_411work out arrangenlents fk)r

the actual perfimnance of functions in accordance with these responsibilities. These

arrangements shottld contain clear guidelines regarding th<,"extent of delegation inlen<,led

in order that the parties can resolve at the outset the manner in which one agency is will ng

to undertake to perform a parti<,ular lhnclion that is the responsibility of the oth_,r.

B. Master Planning. The Dol) and NASA will be responsible tier master planning of
their respective installations. This will in<,ItJde: compiling the total requiremenls for the|l-

|ties and equipment to be located ill the installations in question; designation of areas fi)r

futttre use (ZOllillg); selection of sl)eciti<, location for fa<,:ilities (siting); and planning tor

area development in implenlentation of the above functions. Each agency will t)e respon-
sibl<,, for the timely identificatiotl and resoht/ion of problems relating to tit<,+compatibility

ofolle Itt}lster plan [o the (Hher. It is htteltdt.d iha[, It+)Ihe ntaximunl extent possibl<,., tin;fl

master planning attlhority will bc delegal<,,d to AFMTC for AMR and I+()C for MIIx\ in

coHlie<,'tioll with facilities funded by lhe olher ageltcy.

C. Developmem and Opera/ions

I. Responsibility for these ftm<,:tions ill the AMR and MI[A will t)e divided as

indicmcd below itlid as set torth ill th<,' appendices ittIil<,]te<,| t() this Agreement. To the

extelll fun(tit+ms not lisle<,t in the a|)p<,'ndices require the assignment of responsibility
between AMR and MII.&, such /4] assig-nnlent, c<,msistent with the terms of this

Agreement, may be ma<,le by Ioea] agreemcn! between AFMTC and LOlL it is in/ende<,[

tll_tl sllcIt local a_re<,HneltIs will lvad to tilt" ll/altag<,.ittell[ an<,l uti]ization of res<,)tlrces st) its
to minimize costs an<,l maximize elticiency.
(:ategt+)ry I.

Within its own installations, each agency will lie responsillle for those log|st|<,' and

adntinistraliv<,, thnctions which have lit) ne<,:essarv interdep<,m<,lence or intercoupling with
the similar [unction perfi)rmed at the installati(m <)f th<," other....
Category 2.

Regardless tell location, each agency will be responsil)he for mission spe<,ifi<, time-

lions <,tirectly associated with the handling," preparation, launching, and in-flight control
of its missiles or space vehi<,'les, and with grouud-supporl equipnlent fi)r its missiles or

vehicles. This does not pre<,-lu<,le tile establislmtent of special arrangentents (e.g., Ihe t+ur-

rent arrangements l+<)rassembly by [thc U.S. Air Force] of ATI+&S booswrs |or NASA pay-

loads et<,'., whi<,'h are unatt+cted t),,, this over-all agreement) in those <,ases where lilt" pai--
load of one agency is launched I)_( lltC b<mster of tilt" other....
(:ategol+, 3.

Range operation |hnc/ions which are of sttch a namr<,, that division of r<,_spt+msibili-
t)' between agencies is impractical t+)rundesirable will be Ill(" responsibility of the l)oD ....
(]ategory 4,

Oth<,+r ratlg<., operation filnctions m+e t+>isu<,h a natur<, +.that anv division in tlw r<,'spon-
sibililv fi)r lheir p<,'rtbrmanc<,, must tie in a<,cordancc with clearl+x sp<,"cified gr<mnd rules for
tile ])alticlllitr tilllttion, ill order tO avoid operational or lll_tlt}lgellleltI dittitallties ....

It is recog-llizcd that the ntatter o[ contpatibiliI_ l)etw<,,en illstrllmentatioll at tilt"

AMR and that lle<,_ess+ll+y for the NASA worldwide tracking ltUtw()rk 151 in the areas of

t<,!l<,'tnell-y and el<,'<:lr<mic tracking is a lttalt<,'r t+)Ispedal <,+oltcerlt. This arist!'s |ront the |_tct

that pl+mning Ior and <)l)<,,ration o[ the NAN,,\ Itetwork is th<º"resp<msibilit)ofNASA wltere-

as l)ol) has responsil/ility tk>r planning tor and operation of tht! AMR. (;<)mpatibilitv will

lie achiev<,,d by joint consultation betwe<,m the two agencies ])<.'ginning with early plamfing

stages an<,l taking into account both economical and w<,hni<,+al aspects of the problem.

Issues which cannot lx, resolved belw<,'en I+OC and AFMI'(_ will be referre<,t to a higher
]eve] [_.)rj()iltt i+t,s<)hltiOlt.
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D. Acquisitiou of Resources

Tile agency having responsibility tor a particular function will lye responsible tor man-

aging tile acquisition or mo(titication of facilities and equipment to perform the function.
This includes tile constrttction, development/procurement, installation, checkout, cali-

bration, spare parts provisioning, and other services reqnired to place the facility or equip-

ment into operation and to maintain it. The master planning agency will, in each case,
review and concur in criteria and specifications as being compatible with the master plan,

with minimum construction standards, and with c(mnecting utilities. Where AFMTC

acquires or modifies facilities and equipment which are critical requirements in achieving

NASA program milestones, review and comment of LOC _hll be obtained on specitica-
tions, criteria and implementing schedules prior to initiation of procurement. In such

cases, AFMTC will keep I,OC intormed of progress in meeting requirements with partic-

ular reference to any problems which might result in schedule delays.

E.
1. Each agency will budget and fund, [or the acquisition of facilities and equip-

ment necessary to perform the functions tor which it is responsible. (However, tor FY 1963

and 1964, cm_ent hudget and ftmding arrangements wilt remain in e|lect.) It is contem-

plated that certain equipment and facilities.., may be required for NASA's sole use or for

earlier acquisition than needed to accomplish the general purpose functions of tit(:

AFMTC.
When such circumstances arise, NASA will fund tot the acquisition of such

equipment and facilities. It is intended that 1,OC and AFMTC will consult in advance in
all such matters. The design, acquisition, and operation of such equipment att¢t ta.cilities

will I)e the responsibility of AFMTC. Acconntabili_, tor it will lye transferred to ,MZl_l"f(; in

accordance with paragraph F below.
2. Dol) and NASA will undertake jointly to study lhe matter of budgeting tor

and funding of the general administrative, management, [6] maintenance attd operations

cost[s] of AMR in order to determine whether NASA should provide to 1)ol) a prorata
share of such costs hased on the relationship of NASA lJrogram workload lo total work-

load. There will be no change in funding arrangements for FY 1963. After FY 1963, each

agency will hudget and fund tor the administrative, management, maintenance and oper-
ations costs of the functions tor which they are responsible, tmtil otherwise decided as a

resuh of the stttdv and retlected in an mnendment to this agreetnent. Until such times,

responsibilities as'delineated in this agreement will govern.
3. When requirements tor additional range resources arc generated sul)sequent

to the normal programming and hndget preparation cycles (established for lyurposes of

I.OC and AFMT(' t)lmnfing, as one year helore the beginning of the tiscal year in which

work must slarl to meet the requirement), the following guidance will he applicable:
a. For new, amended, incomplete, redirected or additional expression of

range rcquilemt'nis by 1,O(], NASA will be responsibh" to arl-angc for the necessary

resources, including tmtd[s], to be made available to the AFMTC in accordance with

established procedures.
b. When shortages of range resomces occur within the area of responsibili-

ty of the AFMT(; unless otherwise agreed between DoD and NASA, AFMT(_ will t)e

responsihle to arrange for resources, including funds, from within those available to Dol)

in order to support the requirements.

F. Accountahility
Regardless of funding responsihility, accountability for real property and e¢luipment

hcretotbre or hereafter acquired will rest with the agency having responsibility tot the per-

fi)rmance of the funclion to which the particulal tacilities or equipment are related. The

right to modit_' and assign use of real property and equipment will rest wilh the agency

holding accountability.
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G. Conmnulity Relations

(]ommuniD, relations matters, which include the activities of DoD and NASA which

have a significant impact upon sllch community interests as schools, housing, highways,
public transportation, public utilities, community development, civic affairs, local man-

power problems, local govermnent, and related subjects, will be handled by each agency

[7] for its own installation. Before dealing with the _)ttcside community or w th other gml-

ernment agenoes, with regard to such matters, tile prohlems and requirelnents of both

DoD and NASA will be considered jointly, using such coordinating hoards or other pro-
cedures as AFMTC and LOC consider expedient.

H. Public Information

Each agency will he responsible for puhlic infiwmation mailers related to its own activ-

ities at either tile AMR or Merritt Island. Coordination prior to release by either agency

of information hearing upon tile activities of tilt" other will he accomplished hetwem'l

AFMTC and I,O(:, with full recognition being given in such releases to any contribution
of tile other agency to tile i)articular program or event.

I. Visitor Control

Suhject to al)plicahle secttrity regulations, DoD and NASA will he responsihle for the
visitor control policies and practices with regard to their own programs, both at tilt" AMR

and Merritt Island. Prior to visits hv U.S. dignitaries and high foreign officials, the Dol)

and NASA, jointly and in conjun¢:tion with the llepartment of State (lor foreign visi-

tors)I,] will determine the purpose of the visit, identit_' the host agency at the AMR or
MIIA, as appropriate, and wilt develop sutficient details regarding the visit so as to avert
misunderstanding or confllsion at tile time of the visit.

.]. Labor Relations

I)oD and NASA will each be responsihle for lahor relations matters relating to their

respective programs. AFMTC and I_()C will keep each other infimned concerning tilt"
labor relations policies of each agency, and will coordinate their activities in the labor rela-
tions area.

K. Security

Each agency will he resl)onsible for over-all security administration at its installations,

except for security clearante matters involving the pers(mnel of the other agen(:v. In atilt|-

lion to establishing and enforcing restrictions and safegttards pertaining to its _)wn opt, r-
ations, each agency will enforce such additional security regulations and orders estah-

lished by the other agency as arc necessary to safeguard the operations of the other
agency.

[8] V. Ilnplementation of this Agreement

A. The terms of this Agreement will be implemented as rapidly as is deemed practi-
cable hy mutual agreement of the (_ommandcr, AFMT(_, and the Director, I.OC; in no

case will their implementati<m he delayed heyondJune 30, 1963.

B. AFMT(_ and L()(_ are authorized to enter into such local level agreements as are
necessary to efl'ecttlale the provisions of this Agreement. Issues which CallnOl he resolved

at the local level will be torwarded promptly for resolution at higher level.

Roherl S. McNamara

Secreta,y of Detimse
1/ 17/63

James E. Webh

Adminismmw, NASA

1/17/63
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Document 1-42

Document title: "Minutes of the Management Council," Office of Manned Space Flight,

May 29, 1962.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

One of the major issues fiuing the manager_ of the Apollo program was what kind of launch opera-

tions complex to construct. One option would have been to transport each stage of the Saturn V boost-

er and the Apollo spacecraft separately to the launch pad and assemble and test them there. This was

the approach that had beets empl(_, ed for all rocket launches to date. An alternative was to create a
massive new tmclosed]acility where the "stack" could be assembled and tested beJbre being taken to the

launch pad. One o[the advantages o[ this approach is that, in ].winciple, there could be six launch

campail,_._ going on at the same time--ume on each of two launch pads and one in each _?[fimr bt(_'s

within the assembly baiMing. This also would avoid tving up a launch pad fi_r month_ at a time du_ _

ing vehicle assembly.

At the May 1962 Management Council meeting at which the decision on which approach to take was

made, Wernher yon Braun argued that the high capital costs _J the cL_sembly buihting aplnoach were

j_tified only if the United States intended to maintain a high launch rate of Saturn boosters [br a

number Of years. In the optimism rethe early Apollo years, the decision was made to ]bllow the assem-

bl_, buildDig approach. What follows are the beginning of those meeting minutes and l¢tT_iew Item

nitmber 9, which Jbcused on the launch facilities.

[original marked "CONFIDENTIAL," crossed out by hand]

Minutes of the Management Council

OFFICE OF MANNED SPACE FLI(;HT

May 29, 1962

The sixth meeting of the Management Council convened at 0900 on Tuesday, May 29,

1962, at Marshall Space Flight Center, Huntsville, Alabama.
All Members of the Council were present.

The next meeting will be held in the Office of Manned Space Flight, Washington,

D.C., on Friday, June 22, 1962.

Review Items...

9. l_mnch tacilitics tot Saturn (;-5; to discuss impact of spacecraft servicing require-

ments, launch rates, etc., on the technical aspects of Complex 39; to outline the tactors

which weigh heavily of the requirements lot Complex 3eL

l)r. Debus presented the current picture on the need for Complex 39 as a vertical
assembly, checkout, transport, and launch facility. He said that, under current project fir-

ing rates, we arc at about the "break even" point when choosing between the mobile and

tixed concepts flom the standpoint of economics.

D,'. yon Braun pointed out that the fundamental question is whether we hetieve "a

space program is here to slay, and will continue to grow," in which case he helieves a ver-

tical assembly facility is vital.
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Mr. (;ilru01 and Mr. Willianls questioned the eft_:ct that a lhvorablc decision on Ole

mobile concept for Complex 39 would have on the accessibility [br servicing ofspace vehi-
cles on tile pad.

Mr. Rosen said that he didn't disagree with any of the advantages claimed for lhc
mobile concept, but sttggested that there has been insufficient consideration of the dis-

adwmtages, and recommended that these should 1)e studied ft,rthcr.

IT "_kS DE(:II)EI) THAT:

a. THE MOBILE L-kUNCItER CON(:EPT IS APPROVE1).

b. CI,OSE (X)ORI)INATION BETWEEN AI,L DESIGN ACTIVITIES AND [TILE
IAUNCI 1 OPEILXHONS CENTER] MUST TAKE PLACE TO ASSURE COMPATIBIIJ'IY

OF THE FLIGttT AND (;ROUND EQUII'MENT WtiEN USING THE MOBII_E CON-

CEP'I: HJGHT 'VEHI(:I,E EQUIPMENT WII,I, BE (;IVEN I'RIORITY IN ANY DESIGN

COMPROMISES REQUIREI) BETWEEN FId(;tH _ EQUIPMENT AND (,R()UNI)
EQUIPMENT....

Document 1-43

Document title: James E. Webb, Administrator, NASA, Memorandum to Associate
Administrator for Manned Space Flight, NASA, "Termination of the Contract for

Procurement of Long Lead Time Items for Vehicles 516 and 517," August 1, 1968.

Document 1-44

Document tide: W.R. Lucas, Deputy Director, Technical, Marshall Space Flight Center,

NASA, Memorandum to Philip E. Culbertson, NASA Headquarters, "Long Term Storage
and Launch of a Saturn V Vehicle in the Mid-1980's," May 24, 1972.

Document 1-45

Document tide: George M. Low, Deputy Administrator, NASA, Memorandum to Associate

Administrator for Manned Space Flight, NASA, "Leftover Saturn Hardware," June 2,
1972.

Document 1-46

Document tide: Dale D. Myers, Associate Administrator for Manned Space Flight, NASA,

Memorandum to Administrator, "Saturn V Production Capability," August 3, 1972

Source: All in NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

The Saturn V was a remarkable engineering achievement, but it was extremely expensive to operate
and was us(,/id pffmarily ]br ve O' larffe space mi._sions. Even btJbre the first -mission to the Moon,

_G4SA Admini._tratm- fltme_ E. I,_'}'bbsen_ed that the political support jot a continued larLre-._cale space

e[fort was unlikely to be sustained, whomJer won the 1968 presidential election. He proved pn_cienl,

and in 1972, when it became clear that the Nixon administration wouhl not g'rant NASA the budget

needed both to develop the Space Shuttle arm to continue to use the Saturn 1'i_the NASA leader_hip
reluctantly gave up the capabil@ to produce the vehicle. Note that the enclo._ures to the l,ucas memo-

randum in Document 1-43 do not appear here.
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Document 1-43

AUG 1 1968

MEMORANDUM to M/Associate Administrator tor Manned Space Flight

SUBJE(71": Termination o[ lilt: Colltract ti)r Procurenlent of Long l,ead Time Ill, ms tot
\k'hicles 516 and 517

REFERENCE: N menmrandum to the Administrator, dated June 2, 1968, same sttbject
D nlenlorandum to tile Administrator, dated July 31, 1968

AD memorandum to M, dated,]uly 13, 1967

After reviewing the referenced documentation and in consideration of lilt" FY 1969

budget situation, your request to expend additional funds for the procurement of long
lead time items for the S-IC stages of the 516 and 517 vehicles is disapproved. This deci-

sion, in etti'ct, limits at this time the production elli)rt on Saturn through vehicle 515. No

iurther work should be authorized tier tile development and fabrication of vehicles 516

and 517.

James E. Webb
Administrator

l lBF:kh 7,30/1i8 ext. 2+t63

Document 1-44

[11
NATION,M, AERONAUTICS AND SPACE ADMINISTR,_TI()N

(;EOR(;E (;. MARStlALL SPACE FLIGHT (:ENTER

MARS|tAIJ_ SPA(;E EIJ(;ItT CENTER, AI,ABAMA 35812

REPIX T()

AITN OF: I)I:P-T
May 2.t, 1972

TO: NASA tteadquarters

Attn: Mr. Philip E. Culbertson

FR()M: I)EP-T/W. R. Lucas

SUBIECT: lxmg Term Storage and I,aunch of a Saturn V Vehicle in the Mid-1980's

This is ill rest)OllSe [t1 yolll request of May 9 liar inlormation COllcernillg lift" cost of

maintaining present reliability of tile Saturn V vehicle as a thnction of long time storage
and the cost of storing and maintaining a capahility to launch a Saturn V in the mid-

1980's.
First, it is extremely difficult to estimate the cost of maintaining tile current reliabili-

ty of the Saturn V launch vehicle for approximately 13 additional years since this time is

s)) tar beyond our experience. For example, a June 1985 launch of one of our availahle
Saturn Vgs would mean that the age of some of the critical components from start of stage

assemhly wotttd exceed 18 years. We are prepared to state, based upon tests and other
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experience, that there is no signiticant degradation of some of the more sensitive con>

ponents, lot example engine soft goods, up to ten years, provided the storage environ-
ment is closely controlled, ttowever, we do no! undersumd quantitatively the effects of
aging on our systems beyond the ten year period.

To gain confidence in components between fen and twenty },ears old, we would have

to establish the requirement to do single engine static tirings three },ears prior to launch,

utilizing spare.l-2 engines. The J-2 engine would be selected because it contains most of

the commonly used softgoods (most likely to deteriorate) on the vehicle. In addition,
selected e ectrical eh'ctronic and mechanical critical components that were stored with

the vehicle would be subjecled to functional tests and Ieardown inst)t(lion There we
he n,, remove-and-repla(e activity on the v_ h c es 1 nless dt tt rmin,,4 ....... "...... !d(!

.... - ..... II'V I)_, tit.IS I( Sprogram. -" ..... , ,.... [

12] In addition to the vehicle hardware reliahili y concern, there is another vital element

to consider. The preseul Apollo and Skvlah Programs depend on the thll-lime, dedicated

iuvoh'ement of carefully s_ lecled bigh'ly skilled individuals within both contractor and

(Svil Service ranks. Many of the key individuals (an Irate their experience back to lll.e

beginning of ttl.e Apollo Program. Eve D, Salurn V launch to date, particularly Ill.(, Apollo
16, has required their real time decisions to COllvel-t a potential launch scrtlh or mission

loss situation imo a mission success. By tire 1980's, this present capability will he practically
n(mexistent. It nmst be rebtlih with individuals possessing possibly more advanced tech'-

nical knowledge of new vehicles hut who wouhl lack specific knowledge of the Saltl[+[[ \ ....

systems Therefore, these individuals llrrlsI be provided the means atld the time to become

technically proliciel[t with the Saturn V system. All records pertaining to design, qualifi-

(_ation, manl.[thctl.u+ing and assembly processes, handling, checker[t, and launch prepara-
tion and launch must he ])reserved.'

In addition to the above, there are other potential problem areas which deserve a
brief comment:

• Advanced eomptuer processing systems may not be compalible with the developed
Saturfl software programs.

• It is not ti'asible to environmentally control all critical components of the system. For

example, the [Launch Umbilical Tower] and the stage lrallspor|ers will he _{xposed to
atmospheric conditions requiring possihle major refiuhishment.

• Certain critical spare ParIs would be impossible to rfplace if an unforeseen Problem
required an unusual demand for replacement parts.

• There may be an impacl io tim Shuttle flight program at [Kennedy Space Center] and

related activities al [Marshall Space Flight Center] in order to concentrate the man-
power on the Saturn launch preparation activity.

In sumrnaD, ' we have very little basis for extrapolating reliability of Salurfr vehicles

heyond the proposed six to tiileen year period of inaelivitv. Undout)tedlv some degrada-
lion would occur. If it is intended to use a Saturn V in the mid-1980'sl the earlier the

requirement is identilied, tire beUer will be our confidence in maintaining a reasonable
reliabilily at a tolerahle cost.

[3] In omjunctio n with I Kennedy Space Center], we examined the major thctors intlu-

encing the cost of a program to maintain the capability to launch one of the two unas-

signed Sattlrn V launch vehicles (SA-514 and SA-515) with contidence in the mid-1980's.

Comments and cost estimates from Kennedy] are included. The examination was con-

(lucted in accordance with the guidelines and assumptions presented in erl.closure 1. Tim

approach taken would require the present contractors to prepare the stages, spares and
documentation fin long term storage before their present eontracLs expire; store the

stages and spares at [KennedvJ; maintain the documentatio r at [Marshall Space Flight
Center]; and then identiP¢ lhc I required post storage activities to be l)erformed.
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AslmmlalTofthecostandmanpowerphasingispresentedinenclosvres2and3.You
willnotethattilePostStorageandLaunchPhasecontaillstwooptions:thet]rstoptionuti-
lizesonlyCivilServiceandsupportcnnlractors;lheotheroptionutilizesasingleprime
contractorforthisphase.Thischoiceisleftopenhecauseit isnotpossihletopredictat
thislimethedensityofworkloadwithintileCivilServiceranksduringthemid-1980's.For
example,duringtilemid-1980'stheShuttlewillbetlyingfrom[Kennedy].Thepriorityof
thisacti_4tvin relationtoaSawrnVmissionwilldeterminetheavailabilityofCivilService
personnel_Dependingonwhichoptionischosen,theestimatedtotalprogramcost for a
Saturn V launch in mid-1985 will range from 206.0 M to 298.7 M.

W. R. Lucas

l)eputy l)irector, Technical

_'_Enclosnres

co: See page 4

Document 1-45

[ 1] .ltme 2, 1972

- ""DUMMEM()KA_'_

T(): M/Associate Administrator for Manned Space Flight

FROM: AD/Deputy Administrator

SUBJECF: l+eftover Saturn tiardware

The purpose of this memorandunl is to docmnent the meeting you and I held on the

way back from Houston after Apollo 16. I realize that you have already issued instructions
to meet some of the decisions of that lneeting, but for completeness I will document all

of the decisions in this metnorandunl. They were as follows:
_dl be determined whether or not there exists a possibility of a new NASA mis-

li It _'" . .. ...Z ..... - ; ..... v ..... of the remainin_ Saturn V's. You will solicitsion ";i the middle [t.:lI/! s tnal tnlgilt ill} .........

ideas from tile [Office of Manned Space Flight] organization to see whether such a mission

might be worthwhile, and I will work with remaining elenlents of tile organization.
"2. You will tolmallv ask the Deparunent of Defense whether they foresee a need for

either lhe leftover Satllrn V hardware or, for that mailer, for any futur_ build of Saturn V's

for DOD purposes.
3. You will conduct a study to determine whether it is protitable to maintain tile tool-

ing or even the existing Saturn V hardware for possible missions in the 1980's, assuming

that there will be no missions in the 1970's.

[2] 4. You will identit}' tile costs fi>r storing the existing hardware as well as tile costs for

maintaining the tooling, etc.
5. Assuming thai no 1970 missions are identified and that it is not wordlwhile to

maintain the capability for the 1980's, you will prepare the document that we will staff

through tile OMB [Office of Management and Budget] and others in the Executive
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Branchleadingtoadecisionby•NASAto lerminate tile Saturn V capability. I assume that
this will be completed some time in the sunnner or early fall of 1972.

cc: A/Dr. Fletcher

AI)A/Mr. Shapley

B/Mr. l,illy

bcc: AXC/Beran

AX/Clements

AX/Hoban

George M. Low

AD/GMLow:smm 6/2/72

[1]

Document1-46

REPIN TO

ATTN OF: MBB-1

MEMORANDUM

TO: Administrator

THRU: B/Assistant Administrator fl)r Administration

D/A.ssistant Administrator for Organization & Management

FR()M: M/Associate Administrator ti)r Manned Space Flight

SUB.IECT: Saturn V Production Capability

The propose of this memorandum is to obtain your approval to cancel the two-
per-year Saltllll V production capability IeqllirenleFlt.

As yott know, when the decision was made to retain Saturn V industrial assets, we took

action to stot-e, maintain and preserve tooling, equipment and facilities capable of pro-
dttcing up to two Saturn V Vehicles per year at the tollowing primal T locations:

Manufacturing Sites:

Michoud Assembly Facility', I+ouisiana

Seal Beach Assembly Facility, Califbrnia

McDonnell l)ouglas, ]hmtington Beach, Calitornia

International Business Machines, thmtsville, Alabama
Rocketdyne, Canoga Park, California

Test Sites:

Mississippi Test Facility, Mississippi (S-IC only)
Mcl)onnell Douglas, Sacramento Test Site, Calilornia

Rocketdyne, Santa Susana Test Site, ('.alilornia

Rocketdyne, Edwards Air Force Base, California
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The approxitnate acquisition value of the govet+nment-owned Saturn V tooling, equip-

ment and facilities presently retained at these locations is $585M. The approximate annu-

al cost of maintaining these assets after we have discontinued tlight support for ongoing

programs will be $6M. Lower maintenance costs in l_" 1973 and 1974 are made possible

by continuing current "in place" storage and by making tile most e|ficient use of existing

Saturn COlllraftor man-power.

[2] The possibility of future Saturn V missions, the potential utilization of Saturn V indus-
trial assets I)v lhe Shunle Program, and the relatively low cost of maintenance made it pru-

dent to retahl Saturn V industrial assets until lheir utility could be confirmed, l have re-

examined dtis requirement in view ot the exceedingly stringent expenditure limitation

facing us in FY 1973 and the advent o[ ll-te Shuttle Program, and 1 have determined that:

1. Existing Saturn IB flight hardware is adequate to conduct anticipated space mis-

sions prior to Shuttle [Initial Operational Capability].
2. Beyond 1978 there is significant potemial interference between planned Shuttle

activities at [Kennedy Space ('enter] and Saturn launched missions. For example,

[l,aunch Complex] 39A and B will haw been modified tot Shttttle use.

3. Approximately $100M of Sattu'n V assets will I)e directly applicable to the Shuttle

I'rogram.
4. Bv taking action now and with actual Satnrll asset dispositioning being deterred

troll[ FY 1_174 or later, it is anticipated that up to $2.9M in cost savings will accrue in FY

1973.
Aller careful consideration of Ihese [actors, 1 believe that the retention of tile two-per-

ve:.tr Saturn V prochwtion capability is no longer prudent. Accordingly, I request your

al)prowd to cancel lhis requiremenl.

Dale 1)..\lvels

APPRO_,_;D: Original signed by (;eorge M. I,ow]

For James c. Fletcher
Administrator

Approved sttl_iect to m)titkation of OMB, and subject to "no ot_jection" bv ()MB.

(;MI,



Chapter Two

Developing the Space Shuttle'

by Ray A. Williamson

Early Concepts of a Reusable Launch Vehicle

Spaceflight adw)cates have long dreamed of building reusable launchers because they

offer relative operational simplicity and tile potential of significantly reduced costs com-

pared to expendable vehicles. However, they are also technologi<:ally much more ditticult

to achieve. (;crman experimenters were the tirst to examine seriously what developing a

reusable launch vehicle (RI:V) might require. During the 1920s and 1930s, they argued

the advantages and disadvantages of space transportation, but wet+e fat tr<)m having the

technolog O" to realize their dreams. Austrian engineer Eugen M. Siingen for example, envi-

sioned a rockel-powered bomber I}lat would be launched from a rocket sled in Germany

at a staging velocity of Mach 1.5. l! would burn rocket fuel to propel it to Mach 10, then

skip across the upper reaches of the atmosphere and drop a bomb on New York City. The

high-flying vehicle would then continue to skip across the top of the atmosphere to land

again near its takeoff point. This idea was never picked up by the (;erman air force, but

Stinger revived a civilian version of it after the wan In 1963, he proposed a two-stage vehi-

cle in which a large aircraft booster would accelerate to supersonic speeds, carrying a rel-

atively small RIA,' to high altitudes, where it would be launched into tow-Earth orbit

(I,EO),+' Although his idea was adw)cated by Eurospace, the industrial consortium |ormed

1o promote the development of space activities, it was not seriously pursued !mill the mid-

t980s, when l)ornier and other (;erman companies began to explore the concept, only to

drop it later as too expensive and wchnically risky.'

As S/inger's concepts clearly illustrated, technological developments from several dif

ferent disciplines must converge to make an RLV feasible. Successtifl launch and return

depends on all systems flmctioning in concert during the entire mission cycle as lhey pass

through different envirotmmntal regimes. In the launch phase, the reusable vehicle and

1, In additi_m to flw discussion of lhe Space Shuttle in t|lis essay and the docunlt'llls asso<iated with it,
Iht'tc ave several other" [)la_es in the l(_pb_ri,g the {;nknow, series in which suhsta]ltial atlention is paid to issues
related to the Space Shuttle, with related documents included, In particular, Chapter Three of\qdumt' I dis-
cusses the prcsidenlial dec|siam to develop the Space Shuttle; see John M. l,ogsdon, gem ed., with 13nda J. l,caz,

,lantwlle Warren-Finldlcv, Ra,, A. Williamson, and l)wavnc A. I)ay, Expl_,-mg the (.;l*k,mvn: Selected l)ocume,t_ i, the
tli*/mw o[ /he I _.S. Civil .S_mce I'mgram, $blume 1, (),£,a.izinlz fl. Exploralim_ (Washingt,m, DC: NASA SP-4407. 1995 ).
1: 386-88, 546--5tJ. Cilaptcv _I_.v<_of Volume II discusses NASA-I)epartment of l)efi'nne velalicms with respect Io

the Shuttle; set',[_)hn M. I,ogsd<m, gen. t+d., with Dwayne A. Day and Roger l). l,aulfiUs, l(xph.'i_qg the Unkm,w.:
,gele+led I)o_uments i_ the lliqm 3' ¢,]the I .S. Civil Spree Pmg_am, Volume ll." Exlrr.al ICdalion_hip_ (Washington, I)(]:
NASA SP-4407, 1996). 2: 263-69, 31H-410. Chapter Tlm'e <_f this volume discusses issues associated with the use

ot the Shuttle to launch commercial and fi_reign payloads. Future volumes will contain disc ussion and do_u
nit'hiS related to the use ol the Shuttle as an orbital research lhcilit):

2. [rene S_ingtqq_,rcdt, "The Silver Bird Story, at Memoir'," in R. Cat'gill tlall, cd., I'.'s++G;'s+,*+the Ili+tma ,/

[{ogkel[y and A_trmtautic_: t'mceed_ng_ +g the Third "l'tamu£ttt the ,Sixth Iti_to U Symposia o/the h+ternatio_ml Acade._,' ,!/
Astronautics, Vol. i (_%_shingt_>n, I)C: NASA, 1977), pp. 19._228. (Rcprintcd as V_d. 7-1, American Astronautical
Society [ listm?, Se,ivs, 1986.)

3. H,_'hmll Mullen "The ttigh-F]ying ]+<:gaCy_t Eu,',zen S:_ngen" Air & ,s)+u.e,Attgttst/Seplemher 19,_7.
pp. ':.)2-.q9.
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its booster, with any associated propellant tankage, must operate as a powerful rocket, lift-

ing hundreds of thousands of pounds into I+EO. While in space, tile reusable vehicle func-

tions as a maneuverable orbiting spacecraft in which aerodynamic considerations are

moot. ltowevet, when reentering tile atmosphere and slowing to subsonic speeds, aero-

dynamics and heat management quickly become extremely important, because the

rettsable vehicle must fly throttgh the atmosphere, tit-st at hypersonic sF,eeds (greater than

Math 5), then at supersonic art<l, uhintately, at subsonic speeds. Finally, the vehicle must

tly or glide to a safe landing. Because RI+Vs mttst be capable of flying again attd again, and

becattse they must reenter the atmosphere, they are sttbject to stresses on the materials

and overall structure that expendahle launchers do not have to withstand. Hence, build-

ing an RLV intposes extraordinarily high demands on materials and systems.

The conceptual origins of the world's tirst partially reusable vehicle lot launch,

NASA's Space Shuttle, reach back at least to the mid-1950s, when the Department of

Deli:nse (DOD) began to explore the feasibility of an RLV in space for a variety of mili-

tary applications, including piloted reconnaissance, anti-satellite interception, atnl

weapons deliveD'. The Air Force considered a wide variety of concepts, ranging from glid-
ers launched by expendable rockets to a single-stage-to-orbit Aerospaceplane that bore a

remarkal)le resemblance to the conceptual design fi)r the National Aerospace Plane

(NASP) of the late 1980s. The X-21) Dyna-Soar (I)ynamic Soaring), the Air Force's late

lt)50s proiect to develop a reusable piloted glider, wotdd also have had a small payload

capacity.' NASA joined the Dyna-Soar project in November 1958.' The Air Force and

NASA envisioned a deha-winged glider that would take one pilot to orbit, carry out a ntis-

sion, and glide back to a runway landing. It would have been boosted into orbit atop a

Titan 11 or Ill. As planned, the Dyna-Soar program included extensive wind tunnel tests

and an ambitious set of airdrops from a B-52 aircraft. The Air Force chose six Dyna-Soar

pilots, who began their training in June 1961. However, Dyna-Soar always competed lbt-

funding with other programs, inehtding NASA's Project Gemini at+ter 1961. Rising costs

and other competing priorities led to the program's cancellation in December 1963.

Nevertheless, the testing that began during the Dyna-Soar program continued in

other Air Force projects, such as the Aerothermodynantic-Elastic Structural Systents

Environment Tests (ASSET) and Precision Recover T Inchtding Maneuvering Entry

(PRIME) projects. ASSET began in 1960 attd was designed to test heat resistant metals and

high-speed reent D" and glide. PRIME was a tbllow-on project that began in 1966 and test-

ed unpiloted lifting bodies (st) called hecanse tile}, have a high ratio of lift over drag) that

were boosted into space atop Atlas hntnchers. The Air Force also tested several models of

pihm'd lifting bodies that were generally carried to high ahitttdes and released to a glid-

ing landing. Among other things, these programs demonstrated that sulticient control

could be achieved with a lifting body to land safi'ly without a powered approach. This

result later proved of great importance in the design of the Space Shuttle orbiter.
In 1957, the Air Force commissioned a conceptual study that examined recoverable

space btioslets. +; From this came the concept called tile Recoverable Orbital I.aunch

Svstent, which Air Force designers hoped wottld I)e capable of taking off horizontally and

reaching orbits as high as 300 miles with a small payload. In a design that preceded the

NASP concept, it would have had a hydrogen-tileled propulsion systeni that took its source

of oxygen directly ftom the air by contpressing and lique6'ing it in a "scramiet" engine,

t. Clarence .I, (;t'iget. "History o1" Ihc X-20A Dyna-Soar," Air Forte Systems Commalnl llistoli_al
|'ublit alicms Series 63-50-1, October 1963. (Rcport originally classified, bul declassified in 1975.)

5. Set' (:hapter 'I_.'o ill I,ogsdon, gt'n. t!d., l':xpb.-mg the l'nknown, 2: 2.t9-62, tbr ;i C¢_lllph'l+nCl/l;tr'_, ' account

ot tilt" llyna-Soar plx_gl;tln.

li. _'t' Air Force Study Requircnlcnt SR-89774 (1957), Air Force l Iistorical Research Agone', r, Maxwell Air

Forte IP,ast', ml,.
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capable of operating at hypersonic speeds/ Designers quickly saw that the challenge i)f

designing a propulsion system, or systems, capable of operating through three speed

regimes--suhs<mic, supersonic, and hypersonic--placed exlFeine (lemands on available

engine and materials Iechnnlog_'. It was clearly not possihle to build a single-stage-to-nrbit

vehicle with the technologies of itle day.*

In 1962, in an eflor! to save the reusable concepl, Air Force designers turned to a two-

stage design tor a concept they began to call Ihe Aemspaceplane. Seven aerospace com-

panies received contracts tor the initial design." Through these and several fi_llow-on

contracts, the companies not only produced paper studies, trot nndertook research on

ramjet and scramjet propulsion, explored new slruclmes and materials, and made signif-

icant advances in understanding hypersouic ae,-odynamics. However, reality never lived

up to the designers' aspirations. By October 1963, afler watching the Aerospaceplane pro-

gram for some time with concern, 1)OD's Scientific Advisory Board reached the conclu-

sion that tim program was leading Ihe Air Force lo neglect conventional problems in

launch research. > The Aerospaceplane program was quickly shul down.

N,-LSA also sponsored a series of studies investigating reusabh" concepts for a variety ot'crex_

and payloa<l sizes. By.June 1964, NASA's Ad Hoc (;onunillcc on H}]>ersonic Lifting Vehicles

with Propulsion issued a report nrg-ing the developmenl of a Iwo-slage rettsable latmcher. H

During the early 1960s, under government sponsorship, all of the major aerospace

companies also developed their own version of a Iwo-stage launch vehicle employing a lift-

ing-body reent D, vehicle. In each of these sin<lies, Ihe industrial concerns depended to a

high degree on NASA and the Air Force to furnish lhe inilial ctmfigurafion on which to

base their own version. The firms were concerned aboul slraying l<)<) [hr flom the concepls

Ihat their government "customers" were pronmfing. 1_This continued lhe practice evident

in Pr<)jccl Mercm T, in which the government agencies n<)l only sol the design goals and laid

out the lechnical specifications bul also instrucled indttsli T how to achieve them.

Origins of the Space Shuttle Program

No single action or decisi<m similar to I'resident Kennedy's May 25, 1961, "we should

go to the moon" speech marks the beginning of the fiwused NASA program to devclo t)

ihe Space Shuttle. Rather, the program emerged over lime in increments while NASA was

simuhaneously completing work on Ihe Saturn V and launching Ihe Apolh) aslronatlls [o

Ihe Moon and back. By the time President Nixon made the 1972 decision to proceed with

Space Shuttle development, nlost ma, jor aspects of its <lesign had been set) :_

7. A sct'amjei (supcrsonic toml)uslion tamjet) is an engine in which ;tit t mnpression, fuel mixing, and

COIIIt]IlslioII all o[ till ill supersollic speed.

_. Some t'll'll advocaled reliielhlg llie Recoveral)le Ocbilal l:aunch SySlelli ill hypersonic tlighl, using the

X-lgl l<l _alidale ihe COllcepl. Foriunale]), iltis exirenie]y risk.',: alid daligeiotis lln/cepl was |level- Icied. See

Ri( hacd tt Hallion and lalnes (). ]]niiig, "S])a_ e SiUllilc: Fultlllmeni ofa l)ceanl." in Richard It llalliou, ed., 77:

tl.;pers..ic l¢evoluti<m. Fil4hl C.w Studi.°_ i. the tli_tmS o/ llsper_oni, Technololo:, Vohune I1 (Dayton, OH: Wright-

Patterson Air Force Base, Special Staff Office, Aeronautical Systems llivision. 1987), p. 948.

t|. Boeing, Douglas, (;cnecal l)ynamics, (;oodyear, [.ockheed. North American Aviation. and Reput)lie

received contracts tor system design sludies. (;enera] I)}namit s. Douglas, and Noclh American received flmding

till delailed devciopnlenl plans. Marlin buih a full-scale model illai exph>red tile concept of incorporaling lilt'

wings wiih tilt" fllselage.

10. I tall|on and Young, "Space Shuuh': Fultilhnent of a 1)ream," p. 951.

I 1. Reporl ot Ihe NASA Special Ad Hoc I'anel on tlypersonit 1.itiing Vehitlcs with Pcopulsion,June 1964.

See also Ihe menlorandunl from Fh)yd I.. Thompson Io .lames Webll, June lg, 19fi4, Copies in the NASA

Hislorical Ret_"rence Collection, NASA Ilistor 3, Office, NASA tteadquarlers. Washington, DC.

12. "In each case, whether dealing wilh Air Force-inspired eonfiguralimls or NASA-inspired ones, con-

tra¢'tols gem'rally danced to an Air Force or NASA lllne :Is cegards lhe overall configuralion iiself." Hall|on and

Young, "Space Shulile: Fulfilhnelli ota l)reanl," p. !1:57.

13. Scc 1.ogsdon, gell. ed,, E:¢phm.£_ the [ ?nk.ow., I : .38{_g8.
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As early as August 24, 1965, more than two yeal_ betore the first Saturn V rose tiom the

launch pad, the Air Force and N±kSA established an Ad Hoc Subpanel on Reu_l)le Launch

Vehicle Technolo_' under the joint DOD-NASA Aeronautics and Astronautics (;ooMinating

Board. Its objective w_ts to detemfine the stares of the technology base needed to support the

dcvelopnwnt ()f an RIM The report, which was issued in Septemher 1966, concluded that

many cost and technical uncertainties needed to be resolved, trot it pr(!jected a bright tutnre

ti)r Imman actMfies in Earth orhiL [II-1, 11-2] Because the panel could tind no single launch

concept that would satis_ both NASA and DOD, it included ideas tor a vafie W of fiflly retmahle

and partially reusable vehicles. Interestingly, tile panel projected that partially reusable vehicles

would be much cheaper to deveh)p than fitlly reusable ones. Even so, engineers within t)oth

NASA and the Air Force continued to focus on fully retmable launch s_stems tor several yeals,

in tile belief that once the difficult design and development problems were solved, such sys-

tems would prove much less costly to operate." Some designet.'s thvored tidly reusable desigms

lhal would employ a reusable boostt'r and a o)'ogenic-powered orbiting vehMe. ()thets feh

that the surest palh to success was a small lilting hody mounted on top of an expcndat)le launch

vehMe, such as a Titan lII. Other design concepts lay between these two extremes.

As NASA began to think in depth about its post-Apollo hnman spacetligh! programs

after 1966, its top-priority objective became gaining approval tbr all orbital space labora-

tory-a, space slation. NASA planners also began to recognize that there was a need to

reduce tile costs of transporting crews and supplies to such an orbital outpost if it was to

hc afti)rdahle to operate. This, in lurn, led to a focus on an Earth-lo-orl)il Iransportation

sySlelll--a space shuttle. The idea that such a vehicle was an essential elt, ment in what-

ever might tMt<)w Apoll<_ was first puhlicly discussed in an Angust 1968 talk hy NASA

Associate Administrator ti)r Manned Space Flight George Mueller. [I1-31

In l)ecemt)er 1968, as planning ti)r the post-Apollo space program gained momen-

tunl, NASA convened the Space Shuttle Task Group to determine the agency's needs tier

space transportation. [II-4] This task group set out the basic missions and characteristics

of the kind ofvehich" that NASA hoped to gain approval to develop. Through the Manned

Spacecratt Center and Marshall Space Flight Center, the Space Shuttle Task Group in mid-

1969 issued a request ti)r proposals (RFP) fi_r what it termed an Integral I,aunch and

Rccnlry Vehich" (II+RV) systenL The RFP specified an einphasis on "economy and satety

rather than optimized payload performance.":' The eight-month stndies tha! rcsuhcd

ti)rmed the begimdng of the Space Shuttle Phase A study ettortY' Fore aerospace con-

Itactors won ILRV study contr;tcts--(;eneral Dynamics, l:)ckheed, McDonnell I)ouglas,
and North Ainerican Rockwell.

The Space Shuttle _Iask (h-oup final report, issued in .]uly 1969, concluded Ihat all

II+RV sh<mht he capable of:

• Space station logistical supt)ort
• Orbital launch and retrieval of satellites

14. In the 19_;Os and 1990s, the goal <_t achieving vastly cheaper opcJational costs ¢'onmmed Io ehMe

designers. For a discussion _>t thc technical issues, see U.S. Congress, ()tlice of Technoloh_): ,.%sessment, lb'du+in/¢

l,auuch ()]lFr(llifJtlX (,'o_ts: s_rtql_ "['e+hnol%qr+ and I'ractu e+. ()'lA-fM-IS('-28 (Washington, I)C: tt.S. (;ovel'ltlllell|

Printing ()tliee, St'l)teml>el 1988).

13. NASA Mmmed Spacer ratt Center and Marshall Space Flight (;enter. "Study _f hneglal l,aunch and

Rcentrv System," RFP MSC B(;721-2;q-9-,q6C and RFP MSF( 1 1-7-21411)02fl, ()ctobef 30, 1968. Copy in Johns_m

Space ('+enter historical archives. Qioted in Ilallion and Young, "Space Shuttle: Fulfillment t>l a Dream," p. 995.

16. NASA had created a linn-phase project development scheme, which finally became codified in August

IG}{_S. Phase A consisted of advanced studies (or later, preliminat)' analysis); Phase B, project definition; Phase

C, design; and Phase D, deveh>pment and operations. See Hallion and Y_mng, '+Space Shuttle: Fultilhnent ot a

lilt'am+" pp. 9':15-96. Set" also Arnold S. [ ,e_ine, Alanaffiw4 ,\_.tSA in tkeApollo Era (Wicshingmn. I)C: NASA SP-,I t02,

19_2), pp, 158-1il.
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• l,atmch and delivery of propulsive stages and payloads

• Orbital delivm T of propellan!

• Satellite servicing and mainlenance
• Short-duration manned orbital missious

The report considered three claxses of vehMes. Cl_tss 1 refiwred to reusable orb|ling vehi-

cles launched on expendable hoosiers. Class II applied Io vehicles using a stage and a half.

(]latss III meant two-stage vehicles in which I)ofl/the booster and the orbiter were fully reusable.

On Februat T 13, 1969, Presidcnl Richard M. Nixon requesled lha! a high-level slttdy

be conducted to recommend a ftllltre co]lrse of activities tcw the overall civilian space pro-

gram. '7 The Space Task Group (ST(;), chaired by Vice President Spiro T. Agnew, delivered
|is report on September 15, 1969. '_ The STG also recommended an RI,V that would:

• Provide a m;_jor improvement over the present way of doing t)usiness in ierms of cost

and operational capability

• Can T passengers, supplies, rocket |uel, olher spacccrat'/, equipment, or addilional
rocket stages to and from LEO on a routine, aircraft-like basis

• Be directed toward supporting a broad spectrum of boll] l)Oi) and NASA missions

_cs conceptualized it] the ST(; report, a tin,sable space transportation system would

have as the lolh)wing components:

• A reusable chemically fueled shuttle operating belwcen EarflCs orb|! and LEO in an
airline-lype mode (Figures 2-1 and 2-2)

• A chemically tucled space tug or vehicle tiw moving people and equipmen! 1o <li[tk'rem
Earth orbits and ;ts a transfer vehicle bclween the hmm--orbil b:cse and the hmar surtace

t')),m te 2- I. 7"hi_ 1969 artist '_ rendering depict_ what a /U/Iv

remable Y,pa_w ._ihulth, would hmk like during takt'q[/i (A:4SA

photo)

I"igTtre 2-2. 7his mti_t _ comeption, al._o /tom 196R +bows a

]hll'¢ wuwtble Space ._;hultle al the flt_int o/wparation when the

mbiter b,ave_ the atmmphrm The ImEer vehicle that boo_ted

thr mtnter wa_ then to be pih_o'd bmk to Farlh. (:VA SA phrJm)

17. S,,'c [.ogsdcm, gem cd., l'):phJt_ntg the/,rttk/l,'_u,tt, [: 3bl3-S.'_.

18. See Docum,.'n! 111-25 in ibid., 1: 522-43.
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• A reusable nuclear stage t_n transporting people, spacecraft, and supplies between
Earth orbit and lunar orbit and between I,EO and geosynchronous orbit and tor

other deep space activities '_'

Of these elements, only the Space Shuttle has been huih to (late.

,+ksnoted above, many aerospace engineers within both NASA and indus( W t:avored the

Class IlI fully reusable shuttle-_'pe vehicles hecause they seemed to oflk-r the cheapest oper-
ations costs, especially at high launch rates. [II-5] _"Proponents admitted that such vehicles

were much inore demanding technically and also required greater development risk and

costs, but they feh that if the technical issues could be overcome, such vehicles wonld pro-
vide the basis for an increased overall investment in space. North American Rockwell (later,

Rockwell international), for example, proposed a series of Class III designs that used a

large booster and orbital vehicle to cart T tile necessa W vohune of liquid <Jxygen/liquid

hydrogen fuel. NASA's "chief designer," Maxime Faget at the Manned Spacecraft (:enter,

advocated a two-stage concept thal mounted a relatively small orbiter atop a much larger
recoverable booster. [!I-6] Both vehicles were powered, and both had straight wings.

Faget's orbiter would carry only a small payload and had only small cross-range capability/'

Ahhough by Januat T 1971 many at NASA had begun to view a partially rensable design

employing an external Inopellant tank and a delta-wing orbiter as probably the best over-

all choice when weighing development costs and technical risks, NASA engineers never-
theh.ss continue(l it) consider the Faget concept until ahnost the end of 1971 .-_-_

The Air Force, which was also involved at senior levels in the work of the ST(;, was

highly critical of the Faget design, arguing that reelm +ywould put extremely high thermal

and aerodynamic loads on the orbiter's straight wings. The Air Force Flight Dynamics

Laboratoty argued torcefully that a delta-wing design would provide a safer orbiter with

much greater cross range: _ Ultimately, the Air Force's wish for high cross range and large

payh)ad capacity, as well as reduced expectations tor NASA's fnture budget, fi_rced NASA

to give up on the Faget concept and begin serious work on the partially reusable concept

that became the final Space Shuttle design. By the time NASA had reached this decision,

many other Shuttle concepts had been explored, were found wanting, and had faded
fiom the scene. NASA awarded Phase B design study contracts for the Shuttle to

McDonnell Douglas and North American Rockwell in June 1970; these studies used the

Faget two-stage fiflly reusable concept as their baseline. NASA also awarded Lockheed and

a Grnnnnan/Boeing team additional contracts to conduct Phase A studies for systems

using some expendable components, should the two-stage concepts examined in the

Phase B studies prove too expensive or technically demanding. In the meantinm, NASA

pursued its own internal studies, in part, to improve the competence of its engineers and

to give them better insight into the contractors' work. _

As noted earlier, logistics support for the space station was cited as one of the princi-

pal justifications for the Shuttle. ttowever, by its September 1970 budget submission to the

19. Slightly paraphrased fi'om ibid., 1: 534.

20. ,-ks in the other chapters in 1his volume of Exph+,ri+'tg the Unl+nown, tim documents that tollow this essay

are not necessarily in chronological order, but rather fi_llmv in numerical sequent e with Ihe contcx! of the essay,

21. An re'biter with high cross range is capable of ahering its _rbilal plane significantly. "l'ht- Air Force

It'llded tc, |_lVt)l high cross-range capability m_ the ;L_sumption that il might wish to tly tufty a sin',g,h' orbit and

iC[(llll to Eal'lh _,lt the salne h)cation from whith it had been launched, l]owew't, during that cmc olbit, Eitl-I|l

_ill liar(' rolalt'd sutficiently to require the Shuttle Iq_ change latitude to reach lhe launch silt, thus rcquirin_ Iht"

orl)i|cr to hase sufficien! cross range. NASA had mitfimal necd fi+r high cross-range ¢apability.

22. tlanion and Ymmg, "Space Shuttlc: Fulfilhnenl of a Dream," p. 1031.

23. Ett_,ene S. Love, '+Advant cd Tt't hnolo_m_ and the Space Slmttle, '+ lOth yon 1,2irm:in lectult +, 9th annual

mccting, Amt'vit an Institule of Aer<mautics and ..%slr<mautics, Washington, I)(QJanuar+ 1+q73 (AIAA Papm- 73-31 ).

24. Interview ot Milton Silveira by Joseph Guihnartin andJ<Jhn Mauer, November 14, 1':)84, p. 6, transcript

in NASA l list,)l it al Rt'l_'remc (_ollt'ction.
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White [louse, NASA officials realized Ihat the Nixon administration and Congress were

tmwilling to support simultaneous development of both a space station and a Space Shuttle.

A com])lete restructuring of NASA's expectations was in order. Between September 1970
and May 1971, the focus <)f NASA's attention was gaining White House al)proval tor devel-

oF, ing a two-stage fidly reusable Stmttle. By May 1971, the expectations tor NASA's [uture

budget were reduced stdficiently that having the resonrccs needed to develop such a two-

stage, ftdly reusable design was out of Ihe question. N_SA estimated it would need at least
$10-12 billion to build a two-stage Shuttle, but with a fiscal year 1971 budge! of only $3.2 bil-

lion and little hope of fitttu-e ftmding increases, the agency was forced to examine concepts

with several expendable components as a nteans of lowering development costs. [11-7]

An important technical issue also led to the abandonment of the tly-back rettsable

booster. +ks designs began to mature, it became clear that for tlfis concept to be lt+asible,

the orbiter staging velocity (that is, the velocity at which ttte booster would reh'ase the

orbiter) had to be 12,000 to 14,1)0t) feet per second. Achieving tiffs velocity would require

an extremely large booster incorporating enorm.ous fuel tanks. Upon returning through

the atmosphere at these velocities, the booster would have to sustain extremely high heat

loads. NASA engineers became increasingly tmCOlntortat)le about their ability to build

stwh a boostel-, given the tecbnoh)g_' then availal)le and generally poor knowledge about
atmospheric reent_' ot +large strttetures.

The tdtimate design of tlte Shuttle orbiter and otlter system components depended

on de(isions about five key orbiter characteristics:

• Payload bay load capacity and size

• Extent of cross-range maneuverabilily

• Propttlsion system

• (,lide or power-assisted landing

• Primary structural material -'_'

The firs! two were of greatest concern to tire Air Force. Becattse NASA needed Air

Force support in tbe White I louse and congressional debates over the Shttltle, in ]anuary
1971, the space agency agreed to the ti)llowing design criteria:

• Fitteen-fi_ot by sixty-foot payload bay

• A total of 65,000 pounds of easterly 1)ayh>ad lilt capacity (40,000 pounds for polar

orbits from Van(tenberg Air Force Base)

• A cross range of 1,100 nautical miles-"

With these decisions made, NASA was then able to focus on wbat combination of

orbiter design, l)rol)ellant tank, and booster best fit the required charactcristics.

Throtlghotlt 1971, Manned Spa('e(:raft Center an(I Marshall Space Flight Center designers

analyzed a remarkabh, twenty-nine different Shttttle designs, incorl)orating a wide variety

of ort)iter capacity, hydrogen and oxygen fuel tank, and boosters (see Table 2-1 ).:

While still evaltutting tw()-stage Shuttle designs, NASA engineers had [otm(t that tiw

existing F-I and J-2 engines, both o[ which were by then out ()f [)ro(hwtion, were ina(h'-

quale to meet the salk_ty an(t weight requirements of the Shuttle withottt signifl(ant

25. scoll pace. "Engineering4 I)+`'sign and l'oliti(al Choice: Thr S|);w(' Shtltll,v, 1969-1972," M.S. lhrsis,
Massachttsctts Institute of'l_'(hnolo[,,_', May 1!182.

26. For mor+`' details on tit+.+ (lesign criteria, set' l)(wttmct+lt 11-32 in l+ogs(lon, gt'n. rd., I'].x]dmTn_(the
I;M_nmv,, 2: 31i9-77.

27. None of these (lcsigns, howt'vt'r, w+`'resizc(t to can)65,0'00 p.Ollnds to orlfit (100-t)auticat-nfit(' (irctdm-
orbit), :although several had a fifteen-t0o! by sixl_,qbot l);r,load bay and could r+.'ath thr 1,100-n;utlical-mil(' (TOSSr:mg('.



Vehicle

020
O21

122
022A
022B
[123

024
(125
026

027
028
(129
030

031
032

i033

034
O35
035A

036
036A
036B
03(5(;

037
037A
038

039
[)40
040A

()4[)B
040C
040C-I

Tabh, 2-1. Shuttle Configuration._ Evaluated by the Manned S]mcecrafl Center (1969-1971)

Landing

Weight
(thousands)

130
85

95

135

125

125
95

128

105

153
130
1 (10

95
135
135

110
11[)
110
114

145
145
100

115
14O
14[)

140
190
19()

Wing

St (AR7)

St (AR7)
St (AR5)

45 _ LE SW

Deha
Delta

St (AR5)
45 ° LE SW

Delta
Delta
Delta

Delta

St (ARS)
St (AR5)

Delta
Delta
Delta

45 ° SW

45 ° SW
Delta
Delia

Delia
Delia
Deha

Delta
Delta

30 '_ SW

Delta
Delta
Delta

6() ° Delta

5[) ° Deha

Wing
Area (ft 2)

1,275

785
792

1,12[)
2,100
2,700

1,000
1,414

2,500
1,500
2,360
1,900

860

1,110
2,600
2,000

1,500
1,200
1,700

2,20()
2,200
2,2(10

2,500
2,900
2,900

2,000
1,29(}
3,1 oO
3.180

3,180
2,900
3,200

Payload
Size fit)

15 by 30
15 b{' 4()
15 bv 40

15 b{' 4(}
15 b{ ,t0

15 b i' 6()
15 bv 60
15 b;,' 6o

12 b} ' 40
12 by ,t0

15 by ,10
12 by ,t0
15 by 40

15 b}' 6()

15 by 40
12 by 4O
15 by 3{)
12 bv 4(1

12 b i 60
15 by 40
15 bi" 40
15 b_' 4[)

15 b;,' 411
15 b;," 6()
15 b_' 60
15 bi," .40

15 tB' .t0
15 t)_' 60
15 t){' B()

15 bi _ 60

15 by 60
15 by 60

Payload Body

Weight Length
(thousands) (in.)

2o 1,272

2() 1 ,[)80
2O 1 ,()64
20 1,064
2[} I ,(}64

4() 1,325
40 1,315
4[) 1,315

4{) 1,200
4[) 1,12O
40 1,080

40 1,080
20 1,140
40

40 1,140
2O 1,200
20 960
40 1,440

,t0 1,440
20 1,110
20 1,180

2o 1,110
20 1,060
40 1,400

40 1,140
20 1,070
20 1,110

25 1,315
25 1,315
25 1,315

.t0 1,315
40 1,315

Features

kxt He, Int O,_,, 4 Eng. Orbiter, SRM Booster
Ext H,,, Int ()_, SRM Booster
Ext H_, lnt 0,2, SRM Booster

Ext H,_,, lnt ()_
Ext tie, lnt 02
Ext H,_,, Im {)_, Reusable Booster

(Stretched [}22) Ext It_, lnt O,e

(Stretched 022A) Ext 1"-I_, Int 02
Ext H=,, Int 02, Reusable Booster

Ext tL,, lm O,,, Main Engine, O_rB Tanks in rear, SRM Booster
(Shortened 023) Ext H,.,, Int O.., Reusable Booster

()WB Tanks Amidships, Ext Main Engine
3J-28 Engines

3J-28 Engines
3.J-28 Engines, SRM Booster
(Modified [)26) SRM Booster
(Shortened [125 & 028), SILM Booster
(Modified 035)

(Stretched 035)

3J28/SRM Booster
3.|28/SRM Booster
3J28/SRM Booster

3 J25 /Pressure-Fed Booster
3 UprateJ28/Recoverable Booster
3 Super UpraleJ25/(036) SRM Booster
550K M 1Pc/Solid Booster

3J2,_ / Pressure-Fed Booster
4J28/Pressure-Fed Booster
4J25/Pressure-Fed Booster

4.]28 Retractable/Pressure-Fed Booster
3 MiPc, SRM Boosters
3 MiPc, 150-ft _ Canard, Twin Tail

9¢

<

z

z



7hble2-1 continued

Lamfmg
Weight

Vehicle (thousands)

040(;-2 190
040C-3 190
040C4 190

(14(t(;-5 15(t
040C-6 150
041 ll4

041A 1 l'l
042A I I 0
0t2B 1 o5
013 83

O44 10(}
045
O46 165

047 185
O48 205
048A 195

049 205

049A 215.3

O5O
051 165

052 175

053 185

05.t 185

Wing
Wing Area (ft 2)

35/-19 ° Delta 3,000
5(} Deha 4,150
6(} ° Delta -I, t,t0

5(1 +Deha 3,200
55'/-19 ° Deha 2,800

30 + SSW 1,290
30 SW 1,290

Deha 2,500

3(! SW 1,255
30 SW 900

60 Delta 2,000

49+ -5 Deha 3A50
35_/-19 I)eha 3,240

35+, 19 Delta 3,080
75/55 1,150/

DBL Delta 3,420
75/55 _ 1,250/

DBL Delta 3,600

35 ° Delta 2,000

35 Deha 2,120

35 Delta 2,240

35 Delta 2,240

Payload

Payload Weight
Size (It) (thousands)

15 by 60 4o
l 5 bx, 60 4O
15 b_, 6/) 4O

15 b i' 60 40
15 by 60 40

15 b i' 60 15
15 by 60 15

15 b i' 6O 25
15 bv 60 25
l0 b;_' 3O 27

10 b{ 30 25

14 b_ 45 25
15 b_,, 60 40
15 b;,' 60 4(1
15 b_."6(I 40

15 b;," 60 40

15 by 60 411

15 bv 60 up 25

15 by 60 up 25

15 bv 60 up 25

15 b;¢ 60 up 25

Body
Length

(ha.)

1,315
1,315
1,315

1,315
1,315
1,300
1,365

1,260
1,260

77O
880

1,315
1,315
1,315

1,315

1,315

1,050

1,250

1,250

1,250

Features

3 MiPc, 300-ft 2 Wing ('love, Twin Tail, SRM Boosters
3 MiPc

3 MiPc

3 MiPc, 100-ft _ Canard, Twin Tail
3 MiPc, 150 ft _ Canard, T_vin Tail

3 J28/Pressure-Fed Booster
3 J25/Pressure-Fed Booster
(,lidet; TIIt 1.6 Booster
Glider, TIII 1,6 Booster
Glider, 2 MiPc oo Ext Tank, PF Booster

2 MiPc. PF Booster

3 MiPc. Twin 'Pail. SILM Boosters

2 MiPc, Twin 'tail, SI,LM Boosters

,l MiPc. 324-ft'-' Wing Ch)ve, Twin Tail, SRM Boosters
4 400KI 308-ff-' Wing Clove Twin Tail SILM Boosters
3 tti Pc, 350 fie Wing Clove, Twin Tail, 156" SRM, 62" ASRM

3 Hi Pc, 425 ft _ Wing Clove, Twin Tail, 178" SRM, 62" ._SIL\I

3 Hi Pc Swing Engines, 156" SRM, 180-ft 2 Canard

3 Hi Pc Swing Engines, 1,19" SRM, 75' Bay with OWB in
rear, 180-it _ Canard

4 CC Swing Engines, 120" SRM, 75' Bay 190-it _ Canard

4 lti Pc Swing Engines, 14<)" SRM, 75' Bay, 19(l-ft 2 Canard

,_;omre: Richard P. Hallion and.James O. Young, "Space Shuttle: Fultilhnent of a Dream," in Richard R Hallion, ed.. The Hypersonic Revolution: Eight
Ca.w Studie._ in the History oJ [t_'per_onic 7_,chnolog)', Volume II (Dayton, Ohio: Wright-Patterson ,Mr Force Base, Special Staff Office, Aeronautical
Systems Division, 1987), pp. 1049-50.
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redesign. NASA tTwored an engine having higher specific inlpulse than either of these,

which would reqttire tilt' use of only three, rather than ti)ur, engines in Ihe orl)iter. The'

agency decided lo build a coniplelely new t'ngine; in.July 1971, it awarded the ttcvelop-

merit conlract to Rocketdyne 1_)1 its staged conll)ustion design, which becanle known as

the Space Shuttle Main Engiue (SSME)Y

Although NASA collliuued to explore a wide variety of payload bay sizes and overall

payload capacity during its exploration of the optimunl Shuttle design, lhroughout 1970

and ltJTl, il favored a tifteen-foot by sixty-IT_lot l)ayload bay. After the decision to dct_:r an

allelllpI Io gain api)roval for developing a Saturn V-launched space station, alnong lhe

reasons t6r favoring a payload bay of this size was thai it was compatible with the growing

desire lo use the Shulile like a lruck, routinely its;rig it to place large payloads in orbit.

The Air Force was also interested in the larger cargo bay for hauling some of its nalional

st'curily payloads. In addition, file larger bay made t)al;uacing die orbiter for launch easi-

el and therefore carried less tlight risk than _/shorter payload bay. Ill lhe fall of1971, the

While t [olise ()tt}ce of M;ina_eilienl and Bildgel tOMB) asked NASA io exalnine lhe ben-

ellis alld drawbacks of a sni;tller Shullle, |iaviill_ a stiorler, narrower payload ba'¢. NASA

allalvses showed, however, thai developing a sinalh'r orbiler would have- relaiiveiy sniall

etlt'ct Oil the overall inerl or _ross ]auilch weif4ht of the Shullle sySteln> and thtis its dcvel-

optnel)l costs. [11-81 NASA engilieels ;list) pointed out thai a larg, er i)ayload bay lllade tilt"

handling o[ nuitliple payloads Inore efticienL

Bv I_ilt" 1_./71, designers bolh wilhin NASA alld hidustr), had bt't_,liil It) realize lh_il the

iiiosl cosl-effecike desit_,n for lhe <Shultie svsteni was _i verlically launched della-winged

orbiler liiotinled Io all e×iernal tank cari_iiig liquid oxygen and liquid hydrogen, tlanked

I)y lit)osier rockels. 11141, 11-101 Pullillg all of the hi;Inch fuel and oxidizer in aii exlernal

t_ilik alh)wed desigiiers to reduce the size ()f the orb;let, li also lliade the design aiid COll-

struclioli of the' propellailt lallks siillpler and lherel()re cheapel; The design allowed lilt"

Shulile 1o carl')' a _le_llel payload ;is a 1rat tioil of tt)t;ll vehicle hieri weight compared to ;t

twl)-siage, fulk, ielis;ilile Shtlllle _.;ySteliif !'

Thrill;ghoul the fiii:ll ilionths of 1071. ()MI_ persisted ill iis pressure, to h)wcr Shutlle

dt'vt'h)pinenl costs (see I)octlllll'nl 11-7). ()It l)ecelllber 2(.), 1971, NASA AdiliilliSllalof

.laulies (]. Pletcher sent OMB l)eputy Direct<)r (]aspar W. Weinberger a letter stinlniarizing

the" i-CSlllls t)t +NASA's lilt)St lecent _lnai.vses, which showed that a Shuttle with a tlfleel)-tool

1)),sixty-foot payh)ad I)ily was still the "best buy." However, )'ieldin/4 Io O}IB pressiire, NASA

recoliiniended lhal I_resideul Nixoll approve a desilO1 with a snialler t)a)'.:"' [11-11 ] Five days

llitt'l; on.ianual_' {_, 1977, lnuch Io NASA's surprise, Presidenl Nixon authorized thc sp;ict"

alZ, ellC )' Ill proceed with developing a Space Shuille with lhe larger pavload bay. There

were iii_lliV t_tctors ii/volved in lhe decision it) aiilholi/e NASA Io proceed wilh the Shuttle

prt)_rlilli it pret('rrt'd. +L AliiOli_, lheiil was the desire eli the part of Nixon and his political

;i(IvisOlS to iniliate durin_ lhe 1_.t77 ])residential elt'ciioil vear a laigc aerosp;ice prot.T,lailt

wilh sil41iilltailt elilpioVlllt'llt hill)acts in kev electt)l';tl slitters. [11-171 Nixon illel with

914. Slaged conlbusiion inxolxcs piuii;llly t)urning the propcllanls l)ct_Jic burning lhcln coiuplelt'ls ill ;i

st'COllie phase .t (¢)lnl}llslil)ll. ,_A,_,A chest' lilts dt'Sigll tl'Olll ;tlnlln_ Ihl'('(._ _11) "Aerospike" <Ji piut_-lll)Z/l(" dl-si_ll

Ihlll did ;11t';1_,i (ilil]lll'l('l 7 with lilt' ('xp;/llSiOll ill'if ;illd IWI) c_._p;insion bell dt'siglIs, _Jt'<' 1.P t.otillS, S.M, AIldri( h,

M.(_. (i_lodlitiil, ;llld R.(]. In.i'lilil'd). "'Nit' l_]'d)lllli_lli Ill lilt' _,l);llc _hlltlh' t)t'si_ll." IIIIpul)lisht'd ilt;lllliSt ripl,

J()hllsl)ll Npclct" (if'nit'l; tt(lllnltiil. 't'X, I .I.)_(i, pl ). 15-94.

71.). _c(' t)otllnlcnl llI-_tO ill t :)gnd_)ll, _('11. i'd., l'),'¢/.ff(Jt'lll_r lilt' I :ll]illOll#tl, I: ,'149-SFI.

_/I). F<lr _i fillh'l (lis_ IISni_ii _)1 ihc prot'css lcattinl4 io _p:i(c _liuillc _il)prowtl, _ccJ.hn _1 l.oltsthm, "The

,St)lit c Nhllllll. t)l.O_l;llll; :% 1'oli(_ F;lilurc?," ._;r,',<:..%1_i)' _I0, lt.l_41;, pp. IOt.t{t-I IOF): "HIoli)_ls t tcpp('i)hcinlcr. 'I'll/'

3,fia_ c Sh.tth' I)?rj,_iOIl: ,N{ I,_l',!li_ (_l/,'St/is# H R_.._ab]i' ,'qJa.' tT']i_rD' (WashmRIon, 1)( ;: NASA SP-4271. 1999)..See also the
dis(ussiotl ol the ,Shuttle decision in iDid., 1 : ,':_4t7_4_, _4t.t-F)9,

31. See t)ot tilllt'nl I11 7_ iii i]ihl.. I: .q4t7-47.
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Fletcher and NASA I)epnty Administrator George M. l,ow on JanuaQ' 5, 1972; atterwards,

the White House issued a statement annotmcing NixoN's apt)royal of the Space Shtttlle. :'_

TheJantlary 3 decision left open several issues, including whether the Shuttle's strap-

on boosters would use solid or liquid fuel. [II-13l In Shuttle system configuration 040(;

(see Table 2-1 ), tile external tank was flanked by two large, "strap-on '+solid rocket boost-

ers (SRBs). This design ultimately became the fi)undation of the Space Shuttle's configu-

ration. Nevertheless, until March 1972, other possible designs were still on the table, and

each had their Snl)porlers. For example, in prcparatiotl fiw choosing tile booster rockets,

NASA studied three general types: large solid-fuel boosters; liquid, pressure-fed boosters;

and liquid, pump-fed boosters. To reduce operalions costs, NASA decided to make the

boosters reusal)le. After separation from tile Shuttle at abont lofty kilometers altitude,

they would fall hack to the ocean on large parachutes and be recovered from the sea soon

after latlnch (Figure 2-3).

Technical discttssions over the relative merits of these designs centered on which type

of booster was safest, most easily reliH-I)ished, and cheapest to develop and manuthcture.

Prol)onents of liquid motors pointed out that NASA and the Air Force had extensive expe-

rience with liquid motors and that they offered greater safety. IAquid engines had the dis-

tinct advantage that it system malfimctions were detected in tile startup prior to latnwh,

they could be shut down immediately and the launch sali_ly aborted. If an engine failed

after launch, it could be shut down and the launch at)t+rled to an overseas airstrip after

I"i,_._u_+'2- ?. Thi+ i+ the +ta_+da++[ mi++ioP+ /m+[ib' /+. the partiall+ wusable )¢pa+e ._,'hutth' thai actually' emePL+ed /ram the'/.,liti, al

ap/,'mval /m,re_,_. (.\'ANI ph_tu)

32. Scc I)+_t tmwtlt 111-32 in ibid.. I: 55S-59.
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lhe t)oosters and the external tank were dropped ott. By contrast, once the SRBs were

ignited, they cottld not be shut down (ahhough it was possible to terminate their thrttst hy

hlowing off the top of the booster), and the abort potential was decreased. In addition,
solid rocket motors of the size NASA was considering ( 156-inch diameter) had never been

used, ahhongh the Air Force had tested sttch large engines and tell the), would be suffi-

ciently reliable. Adw)cates of the hig dumb hooster designs of the 1960s felt that the pres-

sure-lkrd design offered greater overall simplicity, which would contrihute t)olh to lower

costs and to satt'ty? _ Supporters of solid rocket motors cited the high reliability of solids,

as well as their lighter weight and greater simplicity compared to liquid designs? ' Also,

NASA had strong collcerns about its ability to refurbish liquid rocket motors after they

had been sttl_jected to the corrosive action of an ocean t)ath. By March 1972, driven pri-

marily hv cost considerations, the pendulum of apparent advantages SWtlllg ill f_vor of

large solid rocket engines, and NASA officials decided to proceed with solid rocket motor

development,.judging that such motors otl_,vcd sttl]]cient teliability and ease of hatldling

to be used [br human spacetlight.':' [ll-l,l] NASA axmotmced its choice of solid boosters

on March 15, 1972, as it defended tile Shut lie puogram hetbv¢' (:ongress. [II-I 5]

The prime contractor t_w the Shuttle orhiter still had to he decided. (;rumnmn,
l,ockheed, McDom_ell Douglas, and Norda American Rockwell had all stthmitted com-

petitive designs for a Shttttle hased on the Marshall Space Flight Center t)40C design. A
NASA-Air Force Source Ewduation Board rated North American Rockwell the highest,

hased on an evaluation of contractor strengths in:

• Mamdacturing, test, and flight-test support

• System engineering and integration

• Subsystem engineering

• Maintainability and ground operations

• Key personl_el and organizational experience

• Management approaches and techniques
• Procurement approaches and techniques

On July 26, 1972, NASA Administrator James Fletcher met with 1)eputy Administrator

(;eorge l,ow and _kssociate Administrator for Organization and Management Richard C.

McCurdy to make the final Shuttle contractor decision. This choice was essentially

between North American Rockwell and Grmnman, tile two companies that had received

the highest ratings From the Source Evaluation Board. After considerable discussion, the

three adopted tile hoard's recommendation. [11-16] In August 1972, North American

Rockwell received the contract to design and develop the Shuttle orhiter. I,atel, Morton

Thiokol was selected to produce the SRBs? '_ [II-17] NASA also selected Martin Marietta to

develop tile external tank. The Mmmed Spacecraft Center assumed responsibili_, lot

sttpcrvising overall orbiter development. Marshall Space Flight (;enter was to supervise

the development and manufacturing of the SRB, tile SSME, and the external tank, and

'?,'3. Arthur Schnitt and E Kniss, "Prol)4_st'd Minimuni (:ost Space l,atmch Vehit h" Sxstcm." Rcpott no.

TOR I)158(3,t 15)-1. Aerospace CorporatiotL l.os Angt'lcs. (]A..lul,, IS. 196(i. F<lt+ a g_'ut't al discttssi<m of the big

dllltlb t)_Mt'l Ci)llCCpI. SCC [ ',S. ( _l)tlgtcsb.. ()t]'ICC O[ "lk't httolog) :L,_.t.t,_,nll¢.lll. l_;t_ Dumb Ih,*_te_:_: A I,ow (;mr .'_mre

l)_m_p._t.ti,,n OHio. ? (Washit_gtou, l)C ;: ()ltic_" _1 li'_ hnl.lo_,, T ASSt'sslncIII, Fch tmFs 19_9).

?,4 I.'ol t'x:nnplt', tilt' Mimlltquau atilt l'_dalis, b¢_th c_t which list' solid pxopt'llal_tn, had t)tt_t'd highl_

_¢'[iahh'.

35. Eagle EIIgitlct'l'ilt', 4, Inl¢., "lk'clln_d,_ga Innllucn_¢" tm the Y,lla_t ' Shlunllv l)t'vcl_qmtt'nu." Rcpovt N_.

,_1i-123(_. NANAJtdtllsoll Sp;lt v (_viltt'n. Ilolnston. TX.Jtmc _, 1986, lip, 5-20, 21.

',_(i ,-ks ill_tcd _lltl'_t.t ', N.\_,,st had a_:tudvd lilt' ¢onttract toy the' %SME no Rol kt'ldvnle it_ 1971.
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Filzuw 2-4. Am_'+ ICe+eaP+h ( ;+'++te_++ie++ti+t+ ten,ted the tu'++_+lwulmi+ pmpeP tie_ o/ a Sluice Shuttle wt_+d lunnel m+uh'l in 1977.

(+\'A.gA phot+J)

Kennedy St)ace Cent(w was to develop m('thods [i)r Shuttle assembly, checkout, and
launch <)potations.

Even after the dcvclopmt_nt (:<)lltracts were let, determining the 1)cst design was still a

maior task that required close cooperation among the design teams (Figure 2-4). During

liiioff and throttghottt the short passage through the atm<)sph('rc, the shape and place-

ment of each ()t the m;tjor Shuttle c(mq)<)ncnts wottld ai'tk_(:l flight success. [II- 18] Changt,s
in any otw of the elements--wing shape, the diameter and length i)t the SRBs, and lht'

diameter of the external tank--would alter the performan(c of the others. Thus, the con-

figuration of flit' Shullle system and precise shapes of each (otnponctH passed tllrollgh

several steps to |+each the final overall shape and structttrt'. ++

North Americatl R<)ckwell began l,d)ricating Orbiter Vehicl(, (()V)-I01 (}n ]tHl(+ 4, 1974;

the company rolled ottl the orl)itcr from its Pahndalc, Caliti)rtfia, plant on September 17,

1976. The O\Cl O l lacked many stfl)systcms nccth!d to flmction in space. It was thus capal)le

of serving only as a fifll-scale mockup capal)le of atmospheric tlight; this riving testt)(_(t

proved invahtabh" in testing the ()rlfiter's ability to maneuver in the atmosphere+and to glide
to a safe landing. Flight-testing began in Februm-y 1977 at Edwards Air Forcc Basc.

Earlier, NASA had plu('hased a used Boeing 747-10(} to ferl 3, the orbiters from land-

ing silcs ill Calitornia and potentially other parts (}t the world to Kennedy Space (]cnlcr

for refttrl)ishtnent and launch. '_ Tiffs airplane was also used t() conduct flight tt+sLs with

l+5_¢e+pri.se,as OV-101 came to be called. A NASA committee typically chose the orbiter, but

fans of the Star Trek television series ha(l h)bl)ied NASA and Congress to name O\,Cl()l
the title of l|l(_ slarship of that scries. [II-19]

lgnlelprise iHl¢lcrwt, nt thr('c m;,_jof types of tests: (1) (a|)tiv(" flight, in which NASA test-

ed wht'tht'r it cotfld takt_ oil fly, and land the 747 with the orl)itcr atla('h(_(I; (2) (a|)livc-

active tlight, in which an astronaut crew to(to in Entey]nqse duritlg (+aptivc flight; and

:_7. Sce ! talli.n alld Y_)ullg, '+Sl):tct' ,ShtHtlt.: Fulfillment of a l)veam," pp. 1125-42, t(w a suznmarv discu_,-

sion o[ tht's¢' points.

'.'_Y,. ()m(' th(' ShtHIl(' I)t+g;m flying. NASA cstat)lisht'd Im('kup lantliug silt'+; in scvt'r:d (}tht-r (otmtrit.s,

sh(nfld a l;um(h [itilutc allow _l_ M)ort tat_(lil+g (']sc+_hevc (}t cxtra_)rdiitary t'<n+<lili<n+s ;tt t)olh Edwards Air Fo_t ('

Bast + and KcntR'(ly Sp;t(e (_(-tltCl +prcvcI_t |an(ling al those tw(} primary l<}(ations.
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(3) free flight, in which Enter]n+i.wwas rcleascd to glide back to Earth <m its own. By August

1977, NASA had successfully completed tile first two test phases and was ready to test tile

orbiter ill fi'ee flight. On August 12, 1977, the 747 carried Enterlrri.w to 24,100 feet, wherc

it was released for a five-minute glide to a successfitl landing at Edwards?" After fimr addi-

tional test glides, NASA wound up its atmospheric flight testing program and turncd to

vibration and other ground tests of Enterprise.

Two major technical problems kept Shuttle development from proceeding smoothly:

(1) a scries of test Pailures and other problems with the SSME and (2) difficulties achiev-

ing a safe, lightwcight, tobust thermal protection system. SSME dcvelopment proved chal-

lenging on several grounds: NASA needed a reusable, throttleablc staged-combustion

engine that would achieve much highcr combustion chamber pressures than any previous

engine. The United States had not yet built a rocket engine that was both reusable and

capable of being throttled. Such an engine required high-pressure turbopumps capable

of higher speeds and internal pressures than any developed to date. Reusability and the
fact that the SSME would be used on a vehicle rated to cart 3, people imposed special

demands on tile enginc. Despite a nine-month delay in starting SSME development,

caused by a Pratt & Whitney challenge to the Rockeldyne contract, as well as difliculty in

procuring the necessary materials for the engine, Rocketdyne completed the first devcl-

opment engine iu March 1975, one month ahead of schedule.

Engine tests were performed at NASA's Mississippi National Space TechnologO'
l_at)oratories (later named Stennis Space Center) and tit tim Air Force's Rocket

Propulsion I.abt)ratory at Sallta Susana, (:aliiornia. Ahhougll the tirst test firing was suc-

cessful, problems began to surface as the tests became more demanding. Tile turbopumps

were particularly mmhlesome because their turbine blades tended tt) crack under the
severe mechanical stresses they experienced. The engines also experienced a variety of

nozzle taihnes during tests."' These i)rot)lems caused significant delays in the lesling pro-

gram. This prolnl)led the Senate Stlbcollnllittce on Sciellcc, Technt)h)_,, and Space of tile
(]Olnllliltec on (]ommerce, Science, anti Transportation in l)ecember 1977 to re(lllest all

independent review of SSME development by the National Research Council. The report,

presented in a March 31, 1978, Senate Subcommittee bearing, noted thai the prol)lems
NASA was experiencing in the test program were typical of such development e[l'orls, but

also recommended a numt)er of possible SSME modifications and a delay in tile timetable

[or the first Shuttle [light.'t The National Research Council commiuee, generally called

tilt" (]ovell (]ommittee after its chail, Eugene (]overt, a professor at the Massachusetts

Institute of "lk'clmologo*, also recommended lhal NASA relax its goal of latmching tilt"

Shutlh' with the SSMEs operating at 109 ])ercent t)[ full p<m,er level, to reduce stress (m

It/t" lurbol)ttm p comp()nents.
Because NASA was then behind schedule, it decided to save SSME development time

t)v conducting some lt'sls using all three engines in their flight configuration. Tbey were
attached to an orbiter sinnllator ttSillg identical ColllponelltS 1¢) those t)n the tlight article.

N:\NA also used till exterllal lank to supply propellant to thc etlgit]es and attached it to the

.*_+:I.;\_,llt,II;ItllS Fl¢'d V','. 1 [ai_,¢ ' and (;_)ud(m (;. I:ulh'tl<m wczc lhc I)ilol and t o-pih_l lieu Ihc t]lst tlcc tliRhl

i_t I"_lr_lJ:l',e.

I0. I lallion and Y, mn R, "Spat¢ ¢+ S,huttlt': Fulllllmenu c)t a Dicam," pp. 113S-F_9.

41. F_ttgt'n¢ (_<)_+t'tt, "T¢'¢ hnical Sl+JltlS td tlw Spatt' Shulth' Main I'_nginc," tcpovt ot lh(" Ad trot (_l>lnmillt+t '

Ik_t Rc_it'x_ c_l the Npa(t" ,_,httltlc Main Engim' l)cxclolmlt'nlt Iq_gram, Assembly ot Engint'm'ing, Nati(mal

Rcs+.'att h (:oumil. Pfit+t,.'d it+ U.S. Congress. Scmtt,p Conm+ittt'+.' on Commctcc, S<:ie]ltt +. and "l'vallSl:+ortali+m,

Stlllt't,nmliltt't' on Stir'lilt+. Technolog7 ++;tlld Space, .gpa+e._;hullleMai,+ l'hq#iPwl)evehqmtenl [Jnl+krram+ lletll'il+ E,

Mafth 31, It,178, 951h (imlg., 2d scss. (V+ashington, DC: U.S. (;_vt.ltmwnt Printing ()ttit v, 1<.)7bq, pp. 16-57.
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test stand in a manner identical to its connection to tile SRBs on the launch pad. NASA

began its main pr<,pulsion testing in April 1978, but continued to experience test delays

and faih[res. Despite the delays and ptoblems, the basic SSME design was consi<lertld

sound. Rocketdyne proceeded with tilt" manutacturing of the three engines needed tot

Columbia (OV-102). In May 1978, Rockeldyne finally received approval Io start manulac-

luring the nine additional production SSMEs needed [or OV-099 (Challenger), OV-103,
and OV-104.

Nevertheless, development l)roblvms continued. One of the largest setbacks was a live
that destroyed an engine on I)ecembcr 27, 1978. The (',overt Committee, which had been

preparing a second report on the SSME program, reviewed this and an additional fire.

[ II-20] Once again, the committee repovl recomlnendc<l changes in procedures and lhv-

ther tests, noting: "h appears unlikely that the tivs! manned orbital 11ight will occur before

April or May 1980. "L' The test program continued, "and bv 1980 tile SSME was no longer

perceived to be a pacing t_ctor tbr the t]rst launch . . . l]ltl thermal protection system was
considered the pacing item.' ....

Thermal protection for the Shuttle's I'CPIIII+V was a maj<w issue from the earliest design

concepts through the first several tlights of the' Shuttle. NASA engineers had solved the

reentry problem tot tile Mercury, (;emini, and Apollo capsules bv using ablative materials

that heated up and I)urned off as the capsule encountered the tlpl)ev atmosphere upon

reentry. However, these capsules were not designed to suft'ev the rigors of muhiple tlights

and reentries and were thus retired after use. Each Shuttle orbiter was designed to exl)e-
rience up It, 100 launches and lettlllls. Its thermal protection system had to l)e robust

enough to stand repeated heating loads anti the sllllCltllal rigors of reentry. The SVsIenl

had to be relatively light to keep the orbiter's overall weight acceptal)ly hm_ In add'ilion,

it had to t)e relaliw:'ly cheap to refurbish between flights.

Between 1970 and 1973, NASA studied a wide variety of technologies to pl'ole('t the
orbiters' bottom and side sur|aces, h investigated:

• "}tot strucltues," in which the entire structtnc look the heal load

• Heal shields sel:,arated [i'om a lightweight orbiter structure by insulation

• Ablative heat shields over a lightweight stlllCttue

• I.ow-dcnsitv ceramic heat shields (tiles) bonded to a lightweight slrllcttll-e

The "hot structures" would have required developing exotic and expensiw, titanium
ov other alloys that cottld dissipate reentry heating and simultaneously withstand the

mechanical loads from aerodynamic pressure. The heal-resistant panels sq)arated by insu-

lation would lransfer the mechanical load while shielding tile underlying structure from

atmospheric heating. This ('Oll(t!l)l sult;.wcd from excessive weight and dilficuhies in
desiguing the shielding lo aw)id lm(kling or excessive dellection. NASA's estimates

showed that the ablative heat shields would require costly rcthrlfishment.

Therefore, NASA chose the fotu+th optitm after extensive testing, in patt because the
agency decided Ihat using tiles would lead to the lowest overall cost. A ceramic heat shield

also allowed NASA engineers to use aluminunl lbr the Shuttle orbiter's stru<turc--

42. Nalimlal ,\t allcmv _1 Scil'mCS, National Rcseal( h (]<nulcil, Ass('ml)]_ ot Enginccvinlg, &'umd I¢_v,i:w

l_'r hni_al ._'ltllll_ i4 tllg ._]srl_w ._]lllllle Mail_ IGqzim,: ]¢eport O/ l/re ,_¢1 I Io_ (.'¢,tll_lillt'¢' fiJl l¢_v,iew o/ the Space Shuttle ,Uam

tCtzt,4ne Ih'velopme_t l'rot.n_m, (Washington, D(;: Nali_mal mcaflelllV o[ Ncit'llCt's, Fellru;uw 1979), p. 21.

43. t r.s. ( :,regress, ( :onglcssic real Restart h St'vvicc, ¢_lite_t Slat:_ (',ivilia_l Spare I_o£_rtms 1958- / 97A', report

pl't?p;tl'cd tbr lilt" Nll[){'{lllllllill{'c OIl S[>;tt-{' Nti{'llC{" and Apllticali_ms o| the." (]onlnlill('l" on Nli'_'lltt' and

"lk't hlmlog, 3, t t.:¢,. Itousl" ,)f Representatives. 97Ih C_mR., Isl sess. (WasllinglOlh DC: U.S. (;,:lVel'llllll'll( lhinling

)tticc.Januavv 1981), p. 't73.
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a material with which they had considerable experience. The particular ceramic material

chosen was rimmed silica coated with borosilicate glass. The shield was divided into thou-

sands of small tiles to enable the still material to contorm to the shape of the orbiter skin.

(The tiles are what give the orbiters' lower sur|_tces the look of being constructed of blocks.)

No one had ever used such materials over an ahuninum structure, and many experts

expressed concerns about NASA's ability to develop an appropriate means to bond the

brittle, nonpliable ceramic tiles to an almninum structure that would deform slightly

under aerodynamic loads. Fitting and attaching the tiles became a major effort, one that

was highly ktbor intensive. Each tile is approximately fifteen centimeters square and is
individually cut and fitted to match its neighbor. Because ever?' tile is slightly different in

size and sl{ape, it carries its own number and has its own documentation." The orbiter

nose call and its wing leading edges, which experience heating of above 1,500 degrees
Kelvin during reentry, are protected by a high-temperature, high-cost, cartlon-carbon

material. Other temperature-resistant materials are used on the upper parts of the orbiter.

Problems with installing the tiles caused NASA to deliver the first flight-qualitied

orbiter+ Columbia, to Kennedy Space Center in early 1979 betore NASA technicians had

completed installation. Attacifing the tiles then t)ecame the critical element in scheduling
the first Shuttle launch. Originally planned for 1978, by March 1979, the schedule had

slipped at least two ,,,ears.'" Work on the tiles went on twentT-four hours a day lot six days
a week, as technici;ms struggled to install more than 30,000 individual tiles. While NASA

worked on methods to speed up the process, it also continued to explore better materials

to develop a method that wonld make the tile stronger without adding weight.
In the meantinn', as Rockwell attd NASA engineers began to understatld the extent of

the aerodynamic It)ads the orbiter's surface would experience during the launch phase,

they developed C()llCCrlts that some tiles might loosen, or even fall off. Upon reentr?; they
tk,aJed, weakened tiles might peel away, causing the underlying alumitmtn slrtlctllre to

overheat. Thus NASA also explored various means to examine the Shuttle while in orbit

to check on the tiles, and the agency began to develop a tile repair kit. "; [I1-21]

Shuttle (tevelolmlent problems were so severe during the late 1970s that some within

the Carte, administration's OMB proposed that the program be cancelled. This led to a

series of external re\Jews of the program during 1979. 111-221 Even hetore this recom-

mendation, ()MB had heen resisting NASA's attempt to gain approval for building a fifth

Shuttle orbiter. NASA believed that a tive-oYbiter fleet would be needed to provide ade-

quate capahilitv to Illeet anticipated launch demand. [11-23, 11-24] While not authorizing
the construction of a tiflh orhiter (an issue NASA continued to press until the 1986

Challenger accident), President Jimmy Carter was persuaded that ending the program was

not a good move. [11-23, II-26. II-27] .M)er extraordinary ettorts, by early 1980, NASA feh

it was bringing its tile t)roblems under control and was able to pro.ject a launch date of

March 1981. [11-98]
Before NASA could latmch Columbia, howeven it had to attend to thousands of details,

both large and small. In addition to the tiles, the agency had to install and test many other
Shuttle orbiter subsystems. For this work, Columbia was rolled into the ()rbiter Processing

Facility at Kenne(iv St)ace (]enter. Because virtually everything about the Shuttle system was

dillerr'hi fr_nn the'Saturn V, latmch Ol)erations crews had to learn new methods fbr handling

the vehich', its SRBs, ;tnd the extt'rna] tallk. NASA altered the Vehich' Assembly Building

-l+l. F';tul A. ('+oopcr ;tnd Paul F. lh>lloway, "The Shultlt + Tile St<w);," A,,tmm+ulir', rum Ae_+mauti++, January

19sl. l)p. 24-34.

13. U.S. (;t)llglt,Ss, t|l)llSt. (_otnlnillee I)ll Stir'lilt" _.tlld "I+echn<_logy, 1':)80 NASA Authorization I learings

I+t'tt_lt" at sttt),dommiltcc ell t I.R. 17B6+ tJ6th Cong., I st mess., Ft+t)rtuuy and March 197q. pt. 4, p, IG64,

-16. NASA, "()n-()lbit l'ilc Repair Kit l+cing Produced," Press Release b¢O-10,,]anum} 2_+, 1980_
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(VAB) and the Mobile launch Platform that had been developed for Apollo to accommo-

date the Shuttle? 7 NASA also made substantial alterations to lannch pads 39A and 39B.

For each Shuttle launch, the first elements of the latmcb system to be erected are the

two large SRBs. Each is about twelve feet in diameter, 149 feet long, and composed of nine

major elements--a nose cap, a frustrum, a forward skirt, four individually cast solid rock-

et motor segments, a nozzle, and an aft skirt. NASA technicians begin assembly of the

Shuttle by attaching the aft skirt of each of the two SRBs to support posts on the Mobile

Launch Platform. Then, piece by piece, technicians hoist each SRB element atop the next

one and bolt it down. The motor segments are joined to their neighbors by tang-and-

clmfisjoints and secured by steel pins located along the circumference of each joint? _ For

safety reasons, all nonessential personnel must evacuate the VAB while the SRBs are being

assembled. After the two SRBs are safely hohed to the Mobile Launch Platform, a crane

hoists the external tank to a vertical position and mates it with the twin SRBs. Then the

orbiter is transterred from the Orbiter Processing Facility to the VAB, lifted by its nose

more than 100 teet off the tloor, and lowered into place and mated with the external tank.

Although NASA could have made the first lannch, reentry, and touchdown in an auto-

mated mode, NASA engineers felt confident enough in the safety and reliability of the

Space Shuttle system to believe that such a procedure was unnecessary. 4'_[II-29] In this

they were strongly supported by the astronaut corps, which was anxious to return to space.

(The last crewed flight was the Apollo-Soyuz Test Project in July 1975.) Besides, preparing

the orbiter for automated landing would have entailed additional expense and weight for

the avionics and would have injected additional uncertainty in the interpretation of the
flight resuhs.

The first launch of the Space Shuttle Columbia was scheduled for April 10; it was to be

piloted by astronauts John Young and Robert Crippen. After a delay caused by computer

problems, the launch actually took place at 7:{)0 a.m. on April 12, 1981 (Figure 2-5).

When the countdown clock reached T-3.8 seconds, NASA started up the SSMEs, allowing

the launch directors to determine that they were firing properly. At about T+3.0 seconds,

they fired up the SRBs, irrevocably committing N.&SA to the launch. At an ahitude of

400 feel eight seconds after lifting off'the pad on a cohmm oftlame and smoke, computer

instructions caused Columbia to roll over on its hack and continue its upward climb over

the Atlantic Ocean. About two minutes later, at an ahitude of twem,v-seven nautical miles,

the SRBs, whicb had completed their part of the launch sequence, separated from the

orbiter and fell to the ocean on orange and white parachutes. Eight minutes and fifly-two

seconds after liftotf, Columbia reached orbit and jettisoned the nearly empty external tank,

which fell back through the atmosphere into the Indian Ocean. A short burn of Columbia's

orbital manenvering system rockets circularized the orbit at 130 nautical miles.

Young and Crippen orbited Earth thirty-seven times while testing the various Shuttle

components, such as the large cargo bay doors, which they opened and closed. One of

NASA's major concerns wan the condition of the tiles. Upo,_ opening the payload doors,

the astronauts discovered Ihat several tiles on the tairiugs lor the orbital maneuvering and

reacli<m control engines had separated during launch. Although the loss of these files,

which were on the upper side of the orbitel; would no! have l)revenled a safe reentry,
Mission Control in t ]ouston remained !insure about !he condition of Columbia's trader-

side, which could not be seen from [he cockpit. As the orbfler circled Earth, NASA

-t7. For cxamph., I)_.{aust. the Shullll' do{'s nl_I make use of the lower and gantl_, required b_Ih¢' Salurn
V, []IUNC "¢¢i'1"C I'('III(IVU([.

48. [hc lang-al]d-ch'visjl)illlS art' called "licldj¢finls" I)c_ausc Ihcv are asscmbh*d al Ihc Imln¢ h sil¢' ("m
Ihc th'hl") lalh¢'r Ihan ;11Ihf.' ta( tory.

.t9. The Soviet I:nion II¢*_s: it,, l_llmtt S]llllll_,' olbih'i hi alll HlllOlll_[l_,'d IIIO(Ic ill iln t]l':_l alld ollly tli_h! ill

Noxemlw_ 1988.
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t')g'uo"2 5. The ,gpm__Shuttb" i_]bmll_ _ralizcdwith thelaum h _J/( _ohtmbia /mm I.aum h t.'_,mplex_gA m_A/.d 12, Iq,_'l,
op_it_ /b:_tmhit,d mi_i_m. (,\_L_,Aphoto)

arranged tor Air Fmct" c_tmtq-as to [)hotogral)h Columbia's undersidt" to confirnl tile'

integrity. Finding tilt" tiles in apparently good order, NASA Mission (k)ntrol nofiti_'d Ihe

two itstl'()l|_tllls [C)[)l'_:paJ't _ t_)I" I'('tl.ll-II.

Fifty-ti)ur holns atier lakeoff, Columbia glided to a stlcct'ssful landing at Edwards Air

Fmct" Base. ,,\llhou_,h (:olumbia landed al a t_tslcr speed lhan planned and rolled nearly

3,100 ti.wt beyond its l)lannt'd stopping point, lhe flight proved tile" feasibility of the

Stmtth"s design. 111-30] NASA made" three more I(!M hmnches with Columbit_---on
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November 12, 1981, March 22, 1982, andJtme 27, 1982. Each time, Columbia experienced
some anomaly that had to be resolved.:"'

In the aftermath of the first Shuttle flight, the Reagan administration considered the

longer term future of the program. A variely of uses attd management approaches were eval-

uated; ultimately, President Ronald Reagan decided to keep NASA in the lead role in man-

aging the Space Transporlation System (STS). tte reiterated the policy that once the Shuttle

became operational, it would be used to launch all U.S. government missions. [II-31, II-32]

The last test flight of Columbia ended symbolically on July 4, 1982, when the orbiter

glided to a landing before President and Mrs. Reagan and a crowd of about 750,000 visi-

tors at Edwards Air Force Base)' To enhance public auention to the July 4th event, NASA

had arranged to fly Challenger, the second of font planned orbiters, to Kennedy Space

Center shortly after Columbia rolled to a stop. Challenger took off atop NASA's Boeing 747

carrier plane as Reagan was giving his speech, circled the field, and dipped its wings to the
crowd. [II-33]

Space Shuttle Operational Flights Phase I

Columbia's four successfltl test 11ights led NASA to declare that the Shuttle fleet was

operational--meaning, in theotT, that further development of Shuttle systems would tie

minimal. With ('hallengerin preparation for its lit'st flight, and Discover)' and Atlantis in pro-
duction, NASA officials were now ready to push up the tlight rate at_d extend the use of

the STS to a wide variety of payloads and customers (Figure 2-6). [11-34] (Chapter 3 dis-

cusses the use of the Space Shuttle to launch commercial payloads.)

When NASA began the Shuttle's development, the agency expected the vehicle to

assume the entire burden of lifting U.S. satellites and other payloads to orbit soon after

reaching filll operational status. [II-351 NASA also expected other nations to use the

Shuttle for access to space, and the agency projected a flight rate of fiwty-eight pet year
beginning in 1980. Such a high rate would, in NASA's estimation, have led to a low cost

per flight and even allowed NASA to recoup much of its investment in the Space Shuttle

system/'_ By the mid- to late 1980s, NASA hoped, reduced costs for operating the Shuttle

system would allow the agency to fired other [)rojects, SllCh as a fllture space station. This

so-called "Shuttle funding wedge" became a tenant of NASA policy and the agency's
expectations for major future projects.

The mnnber of fllture pr_)jecled flights allowed NASA to set its first pricing polio,, in

1975 to garner as many Space Shuttle tlights as possil_h'. This policy was intended iu parl

"to effect early transition from expendable lallnch vehicles."':' NASA had arrived at a price

of $18 million (1975 dollars) by averaging projected development attd operalional cosls

over a total of 572 flighls front 1980 through 1991.

In the early 1980s, expectations for such a high [lighl rate had decreased, bill were

still relalively high. In.July 1983, [or examl)le, Rockwell Inlerualional forecast that bv 1988,

overall [!.S. demand for space Iransportalion services for civilian and military uses would

require a yearly flighl rale of lwenly-f()ur launches. '4 Bas('d on an expe(lalion of in('rea>

ingly shorter "turnaround linle" for inocessing eac]l ort)itm, NASA expecled Io meet that

50. For example, during the second tlight (S'1'S-2), one ot lhe orbilcr's thrt'c fuel cells laih,d, causing

NASA to bring ('.Mumbia back after onh two and a hall dais, rather than lilt. l)latmcd live,

51. NASA exlendt'd CMumbia's time in st)at<, It) one olbil Io a(((mm_odat(' the i)rcsi<h.nlia] visih

52. U.S. (:,,ngrcss, Congrcssi()nal l))lldgt.! ()flit(', I')t_ing Optiml_ [i, the ,gllldll[r (\Vashington, I)('.:

( :ongt essi()nal P,udg('t ()ttkc, Mal (h 1985).

5.'),. C.M. 1.co' and P,. St(m(', ".N'['S Pricing I'()licy," pr('sen_ed al the A[AA Spa((" S_slems (;onti'rcn((',

Washingl(m, DC, ()(t()bm 1,_-20, 1982, p. [.

5+i. Rock;yell lnternali<mal, "l'rc!jeclion <)I FutHre Spate Shutth' r[)-all]( l)emalld,",lHly 1983, Rotkwell

( k)rp(>ration, l)ownt+}, (',A.
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rate I)v 1988. Such forecasts assumed that the Shuttle would t]y commercial, as well as gov-

el'lllll_lll, payloads. It also anticipated that a fifth Shuttle orbiter would be built. [11-36]
The orbiter turned otll to t)e much more diflicuh and time consulning to refurbish

and prepare for launch than NASA had expected. This resuhed in part from tile need to

correct system design deficiencies throughout the orbiter, which in turn kept the system

in a state of continual development.":' Orbiter "ttlrllalOtlJld" time became the pacing item

in eltk)rts to improve the Shuttle launch l+a.te. Fl+olll 1983 through 1985, NASA steadily

increased the flight rate until, in 1.t)85, it was able to launch nine tlights. NASA accom-

plished this [eat in part by signilhantly reducing the dalllklge to the protective tih's aftcr

liflotl and by making small improw'menks in the SSMEs to l'edtlce tile allJOtlllt o[" inspec-

tion tinle nt'eded."" Nevertheless, many observers remained skeptical that NASA would

35. ( ',harles R. (;utm, "'Spacc Shuttle Operations Expt'rit'ncc," l:,apct presented at the !_Sth ( ;otlRlt'ss <_fthv
[ntvunational ,\stuonautical Fedcu'ation, Brighton, l'hlglaml+ ()tlol)cr 1987.

51"_.Ibid.
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ever be able to reach and maintain a rate close to twenty-four flights per year, given the
complications of preparing tile Shuttle orbiter and other _subsystems for launch.

In Ihe early 1980s, the Reagan adminislration, strongly encouraged by NASA, had
established the policy that all government payloads would I)e launched on the Shuttle and

that the Delta, Atlas, and Titan expendable launch vehicles (EINs) would be phased out.
NASA ordered no more l)eha or Atlas EI,Vs alter 19b_2. Their manuihcturers moved to

shut down production lines. Because this action removed these launch vehicles fiom use

by commercial interests, commercial communications satellite owners and a few olher pri-

vate payh)ad cust(mwrs were forced to use either the Shuttle or the European-buih Ariane
rocket. (See Chapter 3 ti)r a discussion of the competition between the Shuttle and
Ariane.)

The Shutlle was maintained under NASA c()nlrol, ahhough several groups urged poli-
cies that would put the Shuttle under the operational control of private induslrv (or even

the Air Force). They argued that the private sector would reduce operational costs [aster

and more effectively than NASA. Ahhough some officials of the Reagan adminismttion

flirled briefly wilh Hm concept, the}, finally concluded dlat, in tile words of the congres-
sional Office of Technolob, W Assessment, the "Shuttle is an important instrument of nation-

al policy and is needed primarily for government civilian and militaK T payloads."':

As noted, the operational St)ace Shuttle turned out to be much more complicated to

operate than had bee|| expected, look longer to refiwbish, and cost much more m operate
than NASA had estimated. '_ Nevertheless, between its tirsl flight in 1981 and January 1986,

it served to caH'y a va|-iety of life science and engineering experiments into orbit, lam|ched

communications salelliles and scientific payloads, and launched DOD payloads. >

From the beginning, Shuttle planners expected to lau||ch high-incli||alio|l payloads,
especially polat-orhiting payloads, from Vandenl)crg Air Force Base in California, because

only at Vandenberg is there an available high-inclinalion launch path (to the somh) flla!
would not jeopardize populated ai+eas. DOD and the National Reconnaissance Office were

especially interested in using this capability to launch several reconnaissance satelliles,

which require polar orbit for effectiveness. D()I) timded the developmenl of lat|nch

preparation tacilities and a launch pad at file site of the Space l+aunch (:omplex-6
(SEt]-6, pr<mounced "Slick-6") to launch from Vandenberg. '+''tloweven the Space Shuttle

proved unable to meet its payload weight goal of 65,000 pounds to LEO (twenty-eight-

degree inclination), which was necessal T to latmch about 40,000 pounds into polar orbit.
That problem, combined with the loss of Challengwr in 1986 and the development of the

Titan IV, led 1o the abandonment of $1,C-6 as a Shuttle launch site, bu! only after I)()D

had poured several hill|on dollars into upgrading the launch pad and constructing appro-
priate supporling tat|lilies.

The Complementary Expendable Launch Vehicle

Not everyone iu the governmenl agreed with the move toward total government

depen(letwe on lilt' Spact _, Sht|ttle. Some inlluenlial officers within the Air Force, which

had the respo||sihility for launching all national sect|rity payh)ads especially the critical

57. t[.S. (;IIII_I'('SS, ()ffitc o[ Tc( hnolog_ Asscssmcnl, I.ttqnali¢mal Coope*rtlir.i a.d ('ompetili.. in (.'ivilia.

.%Tu.e Activities, OL.\-ISC-2B9 (Washingllm. I)C: [r.S. (;overnmenl Prinling ()[tice. 19,g5), p. 10.

58. Roger A+ Piclkc, Jr., %\ Rcapl+raisal _l the Si)acc Shullle ProgFalnliR'," ,S)_mce Pol.w, May 1993, pp.
I '3B-57.

59. Set? [ ,ogsd<m, gull. {'d.. ]'_kll/lIlillg 111¢'_ 'tlkIH)rl'll. 2: 2()'._--(J¢,). |01 a discussion of I)01) disenchanlmClll ',vilh
llu' Space Shuttle.

60. SI.C-6 was ori,ginall,, meant t0r the launch sit( + of l)vna-Soar; it +_as then refurbished tbr the Matured

()rbit;d I.a})orator,,. Bolh ])Ii)glitlllS, of cl>UlSt +, ;vme ,cant'cllcdl sl) the silt' l,t'lnained Ilnlls('d,
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reconnaissance satellites, worried about the frequent delays in Shuttle launches and the

lengill of time between manifesting a payload on the Shuttle and tile actual flight (about
twenty-four months).'" They reasoned that al,iv major problems encountered in a Shuttle

subsvsiem could delay the tlight of a critical p_lyload. No matter how successful the Shuttle

tleet'was, there were likely to be times when it would be grounded for safety purposes,just

as entire aircraft tleets may be grounded while investigators exainine the causes of xnaior

subsystem tTlilures and deter,inine appropriate repairs. Priwitely, some analysts worried
dlat the Shuttle might fail catastrophically at some point, leaving tt,ie tleel grounded for

an extended period. In addition, some argued that even if NASA were able to sustain an

average Sh,iittle [light rate of twenty-four per ),car that rate would not accouunodate the
needs of the Air Force, alollg with the pr(!iected de,inand from civilian public- ai,id private-

seclor liSt's.

Hence in 1983, with the strong endorseulent of Secreta_ of the Air Force Pete

Aldridge, the Air Force began to examine ihe benetits and costs of developing a new vehi-
cle that it called the (;omplemenialv Expendable l_aunch Vehicle (CELV) to provide

"assured access to space." On Januar)' 7, 1984, Secretary of Defense Caspar Weinberger

approved a defense space launch Stlale_ry that inchided the development of a (;ELV wilh

sufticient capacity to launch payloads of ,tip to 40,000 pounds."'-'
Air Force officials chose the adiective "conlplementary" to avoid the apt)earance of

competition with the Shuttle and to eml)hasize that the CELV would be expected to ser-
vice DOI) launc]l de[llalld st,iould the Shuttle be tillable to itleet it fi)r al'ly reasol,i. Aldridge

was also interested in improving Air Force launch flexibility and nlaintaining the tech-

Iology base al,id production capability lhat illight otherwise lie losi.
Congressional reaction was mixed. DOD's authorization and appropriations commit-

tees generally s,ilpported the move. ttowever, supporters of NASA's Space Shluttle

expressed concern that CEIN development wo,illd divert DOD attention away from tlie
Shuitle and undercut the funding supporiin¢ Shultle operalions. The Shultle was devel-

oped in parl to serve 1)()1) needs, which led to higher operations costs than N._A had

anticipated. (]oiilill,iled DOD use of the Sinlllle was i,ieeded to help pay for Sh,illilc

llpgrades all(l keep the costs of operalions as low as possihle.
Despite the concerns of SOl,tie ll,ielnt)ers of (;Oll_leSS, ( specially those of the l louse

Conlniittee on Science and Technology, DOD's plans nevertheless carried the day. DOD

issued a request for proposals (RFP) on August 20, 1984, for the development of a launch-

er capable of lifling 10,000 po,iii,ids to a geoslationary tralisfer orhii from D()D's Eastern

Test Range. The initial RFP called for a total huv of ten launchers. In 198.t, the Air Force

had llO o[ticial plans to launch tile (]EIN froiil tile lt_(esieln Tesl Range al Validenberg, Air
Force Base, t)iit iiitended instead ill feb; Oil the Shuttle io liR payloads of II l) to

37,1)00 pout,iris into low-Farthl polar orl)il [roni Valuleill)ei_,. '_:_

Martin Marietta WOll tile i:Ol,ilracl IO build all upgraded versioi,i of ils Tilan 341) in

Fel)rilarx' 1985, over COllipelil,ig designs frlc)lll (_ellera[ DvllallliCS all(t fiOlll N/_ISA, which

had proitercd a launch vehicle based till Shuttle lechnol_>g3/'. l'his vehicle, which I)eCallle
kiiown as the l"itali IV, is capable of lifting 40,000 pounds to LEO or 10,000 poulidS to geo-

slalionarv transfer orbit. Mariiu Marietta achieved lhle iinproved payload capacity I)y

sli'elclling lilt" liquid propellant lailks and hy up,_radiug tile Titan's solid rockel nlolors Io

61. lionit ali's, Itlc vehicle thai iesllhl'd Iroln Ihc Air Pln_c nccd to latlill'li national sl.(iliil)lia;tllads, Ilic

]'ilan I\', has l)lo'¢t'd lit'ally _is ditticull l(i lllakf.' of)lqaliOllal alid alinoM as cosily ils lilt' _hillllt'.
1i2.."g,c,t" [hit lllllCnl_, [1--tO through 11-44 ill I t)l,_Mlllll+ ,_l.'IL C([,, I'.xpbwi_lg the I '#tktltm,i'/, '2: 390-I 10.

fi.'t, lib,( ussion |)t'lV¢('{ql (]Ollgl(-%Slll_lil {JCOl g(' ]lllliwII iilld Sccrt'llil'V ill lilt" Ail Forte P,t'l(" Aldridgc, "Spa{l"

F,hilllh" Ri, quirciil,,'ills, ()lR'ialions. :and 1;illUil" Iqail_,," lil'ariligS I)t'tilit' lilt 5,ullcoinniillt _' oil Sl;,al,t' Scienct' and

Af)pli_alions ll| lhc (]oliiiliillt't' i)ll S_ icncc alid Tc( hnohIRv, tT.S. Holisl' ot Ri, l)lt.St'lilali',l's, ¶ISlh (]ontO., 2d. st'ss.,

lui_ 31-Augusl '), 1984. p. l'l,t"j.
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seven segmenls rather lhan the five and a hall segments used by the Titan 34D."' Fairings
of up to 86 feel long would accommodate Sin,tic-size payloads. The Titan IV was desigued

with tile capat)ility to can T no upper stage, a (_entaur upper stage, or all inertial upper

stage (IUS).':' Tile first Titan IV was launched on.June 14, 1986, with an IUS upper stage.
In Octol)er 1987, Martin Marietta contracted with Hercules to develop and manufacture

SRBs with graphite-epoxy casings, capahle of adding 8,<100 p<)unds capacity to I_EO. After
the faihue of the Shuttle Chalh, n_er, the Air Force's plans to develop the (_EI,V seemed
al rot)st prescient.

Losing Challenger

Altlloug]l evct T knowledgeable observer recognized that there was some potenlial for

a major Shuttle failure, lilt" press aud Ill<.' broadcv public in tile early 1980s paid little
attention to tilt' risks of In.man spac<qlight. Even those close It) Ihc Shtttlle svstetn let down

their guard. ,'ks one stlccessftd latmch followed another, some engineers al+d flight direc-
tors began lo stll)lllelge their concerns al)otlt trout)h'some items that lay on the crilical

path to a sati. launch, lien{e, the natiou was dealt an exlremelv rude shock when, on

,lantntry 28, 1986, tile orbiter Chalh,,¢++, cavtTing seven crew mcl{d)ers, seemed to disap-
pear behind a huge fireball jusl ove, a minute after liftoff and disintegrated belore the

eves of thotlsan<[s of ol)sel'Vel',,; at the launch silt! alld millions move watching the lalmch

on live television coverage. It was a nunlt)ing sight, played over and over again on televi-

sion, as people all over the world allempled to come I<_grips with what had happened.';"
Lat,nch vehicle reliability has always been a concern; most launch vehicles have

dctnonslraled hu.nch success rates _}['belweeu 90 and 98 percelll. 1,aunch officials worry

especially about lh¢" safety of vehicles that carry human crews. :cs long ago as 1977, forme;-

NASA Administrator James Fletcher had exp_esscd his concerns Io then NASA Deputy
Administrator Alan M. I+ovelace aboul the overall Space Shuttle system and whethe}

NASA had the right peol)le working the i)rol)lctn of launch reliability and safety. [11-37]

Engineers and olher observers familiar with the Shuule's many systems and points of

p<m'ntial weakness had lheir theories about tile cause o[ the catastrophic f_tilme, vet

because of tilt" complexity of the Shuttle sVslem, it look carethl analysis by a large team" of

experts to de/erllline the exact cause. NAS, A began to work on Ihe })roblem ilnmedialel'¢

by pulling together all of the available tilm toolage, launch operations documents, ant|

other materials that might be relevanl to the investigalion. NASA even etnployed a deep
sea diviug cotnl)atly to locale and It'llit,x,'t. paris of the t_tiled launcher flom the oct.an

floor. Ahhotlgh senior NASA otfieials would have preferred to carry out their own anal>

sis otttside the glare of publicity, as had been the case folh)wing the :4q)olh) 1 tire, the high-

ly public and dramatic loss of life thai had occurred on,]anua,'y 28 made an independent
external review almost inevitable On February 3 President Re'wan si_rn,+d t."..........

()]th t 1,,_4(), _h]t h dHectcd the estabhshnwnt ot a lngh-h!vel commission chaired I)v tot-

met Secretary of State William P. Rogers, to examine the evidence and delermine not'only

what had happened, but also why it had. [II-38] The Presidential Commission on lht"

Space Shttttle Chalh,ng_erAccident," supported by NASA and other tederal agencies, gath-

ered evidence, investigated the chain of events,'and held pulflic hearings.

64. Thc fits! slaty t_as strelt ht.d by almost t'ighl li'cl to in{least' pH+p<'llaiH xohlme b', Ill pcrt cnt, and lhc

s,:tond sla|gc ;vats strclt hod alnlos! two Ik't.t, rt'st|llitlg ill in_ It'ast'd l)rolwllanl vohlmc <d i5 percent. Tht' solid

ro('kel tn<)lols are IIlal+tlllilCttll'ed bV the Chemical Svstt'ms Division _+1 United Technoh>gies.
65. With the It :5; al,d a liltv-six-fiuJt thiring, lilt' l'ihut IV slands 174 f_'('l lall.

66, TIw im'idcnt was CSlW¢iall: nunll)ill R I)t't ;IllS{' Ns\N,\ ]lad v+'<,kt'tl i)arlit idarly hard to gt'll<:tatt' publit

iutcrcst ill Iht' flight, which carlit'd tt'at ht.i (;hrista Mc.\ulillt., ++11<_would have t)<'tm lh<' lir,,l leacher in spacc.
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As the investigation revealed, the.joint between the tirst and second motor segment
was breached about fifty-nine seconds into the [light. Flames from the open joint struck

the external tank and caused its liquid hydrogen and liquid oxygen tanks to rupture. At

seventy-six seconds, fi-agments of Challenger could be seen against the backdrop of a large

fireball, caused by the ignition of thousands of pounds of hydrogen from the external

tank. The orbiter was torn apart by the enormous aerodynamic forces, which greatly

exceeded the orbiter's design limits. I.arge paris of Challenger began to tumble through

the atmosphere and f_tll back toward the Atlantic Ocean. The fi)rward fitselage and the
crew module, both of which remained largely' intact, phmged into the waves a few seconds

later, killing all seven astronauts on board2 _
This description of tile sequence of events during the faihn-e of the vehicle was gained

only through a meticulous examination of the photographs and the recovery and detailed

inspection of many Challenger parts fi'om the ocean tloor. It also required a methodical

analysis of the sequence of events during launch. This analysis also contributed to a more

precise understanding of the O-ring failure that caused the loss of Challenge_. Knowledge
of the structural details of the SRBs became widespread as newspapers printed detailed

drawings of the Shuttle system :.ul(l the joint that held the motor segments together. The

"tang-and-clevis"joint+ which was suppose<t to hold the seglnents together with seventeen
hohs and a rnbl)er O-ring seal, received special attention from tile media as well from

experts, t)ecause it was this critical part of the Shuttle system that had failed. During

engine firing, the joint was subject t() enormous pressure. NASA and Morton Thiokol had

intended to design the joint st) that the O-ring would detorm under pressure and fill in

any small openings between the tang and (-levis, preventing a "blow-by" of the hot ignition

gases during motor tiring. However, as NASA's own tests during SRB deveh)pment had
shown, the O-rings would occasionally suffer damage during firing?" During the second

Shuttle flight (STS-2) and on several subsequent t]ights, the O-rings sustained both ero-
sion and blow-t)',; indicating problems that could become worse. Of particular concern, as

tilt" temperature of thejoitlt fell, the O-ring material w()uld stiffen tip and prevent it from

properly squeezing into :;lny voids, even when under pressure. Although several NASA ofti-
cials and Morton Thiokol engineers were aware of the problem and the catastrophic fail-

ure it could cause, the two organizations failed to act lo redesign the joint. Instead, they
tried a number of other fixes, including tightening the joint and adding putty to the joint

to assist the O-ring in sealing the joint.

The open hearings of tile Rogers Comlnission, which NASA officials oplmsed, gave

the public extraordinary insight into the ahnost overwhelming complexities of preparing

and operating the Shuttle. In one particularly dramatic moment during tile hearings,
commission member Richard Feynman placed a short section of the O-ring in ice water,

demonstrating on liw_ television how intlexible the material becomes with cold. llis sim-

ple demonstration dramatized a major problem that NASA otficials had virtually ignored.
,_s noted in the commission's report, "Prior to the accident, neither NASA nor Thiokol

fully understood the mechanism by which the join! sealing action took place. ''''_'

The bearings and the report that resulted from it also exposed publicly a number of

crucial management deticiencies within NASA, among which was the difficulty contractor

personnel and mid-level NASA engineers had in conveying the seriousness of known tech-
nical problems to senior-level managers. [II-3{)1 The hearings also made it clear thai
senior NASA olticials had subtly but inexorably shifted their altitude regarding the launch

67. l¢_]mrt uI the ISesidenlial (_.nmL_imt tm theSpa.',_huttl*' (Judl.,'nKerAccide'nl (Washingto., D( i: t r..%.(;ovcrnmt'nt

PrintinR ()tlitc..Itme Ii, 1986), pp. 19-39.

68. Ibid., p. 120.

69. Ibid., p. 148.
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of the Stmttle. At first, the engineers had to demonstrate that the Shuttle was safe to

launch. The shift was thai by the time of the ill-fated Challenger latmch (STS 51-L), the)'
had to demonstrate that it was not safe to launch. At one point in the hearings, for exam-

pie, Roger M. Boisjoly, a Morton Thiokol engineer, noted that "we were being put in a

position to prove that we should not launch raOmr than being put in the position and

prove that we had enough data to launch. ''v'' Decision-making regarding the Shuttle had

become "a kind of Russian roulette... [the Shultle] flies [with ()-ring erosion] and noth-

ing happens. Then it is suggested, therefore, that the risk is no longer so high tbr the next

tlights. We can lower our standards a little hit because we got away with it last time .... You

got away with it, but it shouldn't be done over and over again like that. "7'

Return to Flight

Returning the Space Shuttle to space after the loss of ('hallengerwas a ¢hallenging task.
While the Rogers Commission investigated Ill(' technical an(t managerial causes of the fhil-

ure, NASA had the diflicuh chore not only of redesigning the faulty SRBs, bnl also of
increasing public contidence in its proceclures. On March 24, 1986, well before the

detailed causes of the Shuttle's failure were definitively established, the new Associate

Administrator fbr Space Flight, former astronatlt Richar(l fI. Truly, announced a strate_'
for returning the Shuttle to flight status. [II-40] Among other things, his memorandunl

called for reassessing the entire progranl management strttclure and operation, and it laid
(:,tit a plan for a "conservative return to operalions."

Three weeks before Trulv's memo, veteran astronanl Johll _¢W.Young wrote a highly

critical nmmorandum critiquing the management of the Shuttle program and outlining
many of the steps needed to assure safety of flight. His views were representative of many

who had been aware of the increasing [mceptance of risk in Shuttle operations. [ll-41i

During the hiatus in flight, NASA examined evm T vulnerable element of Shuttle design
and rethought Shuttle latmch preparation and operations. NASA instituted ninny new

safety procedures and replaced system components. For example, when first wimessing
the huge fireball and destrttclion of Challe,tZr_; many engineers immediately concluded

Ihat one of the SSME turbopumps, which were highly susceptible to breakdown, might

have failed. NASA used the "standdown" to go over the SSME piece by piece to improve

its safety and reliability. NASA also increased its contractor staff at Kennedy Space Center
to han(ile the load of new procedures tot safety and quality assurance and documentation

paperwork. The amount of lime NASA technicians took to refllrbish the orbiters after

flight, to prepare I|le entire Shuttle system tbr launch, and io [bllow new safety alld qual-
ily procedures more than doubled. Tile procedores were nol OlllV lengthened t)ut became
more complicaled and intensive, making it increasingly doubthd that NASA could ever

achieve its planned yearly launch rate of lwentv-four tlights, even if sufficient flmding tot
Shuttle pa.vloads and la{mch services becamt; available io snpport such a rate. re Most

important, however, NASA redesigned and tested the Shutlle's solid rocket motors so they
would be nntch less likely to fail again, especially al the joints between motor segments.

711. Ibid., p. 93.

71. Richard Feynman, quoted in ilmL, p. 148.

72. (;enerally n ssing in runs! NASA Space Shuttle briefings of the 1980s was a St'liSt' of the CllllnU(lil)n

I)eP, vccn lalnl(h rat(' :llld the mera]l (osts lot both payloads and ,Shuttle launch services. This was a case of rad-

ical optimism. Payload costs (on Ihe humch vehicle) hovered between $40.000 and an astounding $6.50.000 per
pound, delmnding on Ihe altlotln! of inexpensive elements in /he pa_,ln d (such a_ fuel) anti lilt' technical diD:
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The shock of losing Challenger and its crew also forced otficials within the Reagan

administration to reconsider what types of payloads the Shuttle wonld carry. For example,

well before the faihn'e, some observers had complained that using the Stluttle to launch

commercial commtnlications satellites, which could routinely be launched by ELVs, was a

waste of federal resources and conlpeted with possible commercial EIN efforts (see

(_hapter 3). In Angust 1986, tile administration issued a statement on Shuttle use, fol-

lowed by a fornlal policy statement in December. [11-42, il-43] That policy restricted

Shuttle payloads to those requiring the unique capabilities of the Shuttle or needing the
Shutde for national security pnrposes, hi particular, the Shuttle would no longer he used

to lannch commercial commnnications satellites.

The costs of losing ('+hallenger were high, not only to the crew members and their finn-

|lies, but also in economic terms. NASA's Office of Space Flight estimated that the nation

h)st ahout seventy eqtfivalent Shuttle fligilts over a period t)f ten years as a resuh of tile loss

of Challengr_; a_s'well as the h)ss of two Titan 34Ds and the Atlas-Centaur within a tk_w
nlonths. ::_Etnope's Ari+ane launciled many of these lost payloads. Others were launched

much later on EI,Vs or were never launched. 7_

The Reagan administration and Congress moved relatively quickly to replace tile lost

orhiter. NASA was ahle to proceed pronlptlv with construction becanse, in April 1983, tile

agency had awardcd Rockwell International a contract to construct long-lead-time struc-
tnral spares, whicil were to have been conlpleted hy lq87. In part, the 1983 decision was

t)rompted by the concern tilat eventnally a fifth orhiter would he needed to handle the
expected dt;tnand for Space Shuttle launch services. NASA officials also wanted to have

crucial replacenlent parts on hand in case of a maior faihu'e of" tile Shuttle system. The
administration requested fimding to build a repiacelnent orbiter ill mid-1986. In an
ttnusual move, Congress approved the entire package of ftnlding of $2.1 nlillion as part of

a supplemental apl)ropriations for fiscal year 1987Y' The new vehicle (OV-1(15) was deliv-

ered to Kennedy Space Center in May 1991 and made its first flight in May 1992.:"

(kmgress had di'rected NASA to establish a contest to nanle the orhiter, involving eh'-
nlelltarv and seCOll(lal_' school studelltS. Ill May It.IS(-), President George Bush allnOUllCed

that the" vehicle woukl be named Endeavour, after Caplain Cook's t_lillous ship.

On September 29, 1988, the Shuttle Discover..' lifted off Pad 39B at the Kennedy Space
Center, conveying a crew of five into orbit (ST_26). [II-44] Discovery also carried the

veplacenlent fi_r NASA's Tracking and Data Relay Satellite (TDRS), one of the payloads

lost when Challenger exploded in January 1986. The success|hi flight of Discove O, and

launch of TDRS held special significance because it marked the return of the Space

Shtntle program to t]ight status and the end of a painful reevalnation of U.S. access to

space. ?cs an editorial in Aviation Week & Space Technology opined, "The launch, witnessed

by the largest gathering of spectators and press since the Apollo 11 lannch to the Moon
in 1969, was balm to the wounds remaining from the ('hallengeraccident. It was a long time

coming .... It was a nlonlent worth waiting fk)r.... The Discovery mission shotdd be savored

as a tritunph for NASA, the U.S. space progranl and tile nation." The article also quoted

73. Citcd ill t_.S. (kmgrt'ss, Office t>l"lk'c hnoh+h'Y Assesst t'tl , Launch Opt| +r_ [t. the I'uture: A Btg';e+ is Culde,

()TA-IS(:-383 (Washington, DC: tI.S, (;ovcrmnent l'tinting Office, ]t ly 1988), p. 23.

74. Most t)l thc pa,,hmds t+xct_tttally launch _m FI,Vs had to |)e t-cc<mfigurt'd, as the support points had

I)ct'lt contigured |i,r horizontal integration into the Shuttle, rather than thc vertical cotll]guratioll rcqtfired lot

E[,V lattnt h. This shift sonlt'tilllt'S imposed substatltial additiolial costs.
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76. This thst flight ot()\'-l{l -_ was ttscd to vcs( tw the Intelsat VI satellite, which had l_'cn lc/i stranded in I,EO.



Kennedy Space (km ter Director Forrest Mc(]artnev, who observed lha! "[it] was a great
day tor America . . . ttlday we stan(I tal].":: •

The second and last Shuttle tlighl of 1988 (STS-27) took place nine weeks later tin

I)eceniber 2, during which the orhiler Atlanti._ carried a classified DOD satellite inlo high-
inclination orbit. TM The success of/his tlighl added to NASA's (and D()D's) confidence in
the revised launch procedures.

The loss of Ckallenger had forced N/tSA lo reexainine the risks of human spaceflight,
to examine more ch)sely the methods used to evahiate and reduce such risks, and to be
lnore forthcoming with the American public ahout thenl. Some NASA otficials had inad-

vertently slipped into thinking that the Space Shuttle was nearly as reliable as a comnier-

cial aircraft. However, aircraft typically have empirically derived reliahilities (successful

flights divided by attempts) approachiug 99.9999 percent, based on many thousands of

flighls of essentially identical vehicles. Prior to the Shuttle's first launch, NASA had faced

the difficulty of estimating tlighl risks hased on detailed estimates of previous experience
with suhsystems, extensive testing of new subsystems, and the amount of redtmdancv buih

into critical systems. Based on such considerations, NASA designed each orbiter to imve a

97-percent probability of lasting 100 t]ights, which leads lo a requirement thai each indi-

vidual Shuttle flight have a reliahilitv of at least (.)9.97 percent. Aclual Shuttle reliability was

uncertain, but one NASA-funded sttldy estimated that it lies between 97 and 99 percenl. :_'

After operations begin, estimations of reliability can also be based on statistical analy-

sis of observed successes and faihues, although with most launch vehicles such analysis
im'olves the statistics of small numbers. +' For exatnple, using a siml)le slatistical analysis,

the congressional Office ofTechnolog), A_ssesstnent eslimale(l for illustrative purl)oses ihal
if STS reliabiliD,, were assumed to be 98 percent, NASA would face a fifty-fifty chance of

losing an orhiter within thirty-Rmr flights/' [II-45] Whatever the acluai reliability, this

analysis led to the conclusion that reducing, rather than enhancing, Ihe flight rate would

he a prudent way to reduce Shuttle losses ()vet time. |'lie 1986 policy that encouraged l>(I-

eral agencies to launch on conimercial ELVs when possible helped reduce the pressure
on Space Shuttle launches. It also increased the resilience ot" die launch fleet because it

nlade it possible to recover from a launch faihue of a single vehicle more quickly than was

true prior to January 1986--a concern of great importance to military planners who tllusi
have tilt., greatest possible access to space/" th)wever, too few Shtltlle fiights lllighl ill(tease

tlight risks, because the skill level of Shuttle laullch crews might degrade belweell launch-

es. Since 1988, NASA has kept the rate of Shuttle flights relatively low (five to seven t)er

77. "Back to Space!," Aviation Week ¢2++Spare 7;,chnMrjK,5, ' Octt)litw 3, 1988, p. 7.

7t'I. Accl)idilig to news sources, Atlantis carried a Lacrosse iinaging radar satellite, a supposition tiial is

strengtht'llell t)y the I]lct thai Allanti_ elitt'red a 57-degree orl)il. _e¢' (]iai_, (]ovatill, "Allaiills' Radal 5,aleliite

Pavh>ad Opens New lt'<'onnaissancc l_]ra, " Avia/itm Week & Space 7)+knolok,3," [leer'miler 12, 1988, pp. 2f_-28.

79. l+-_ysl(qllS, |tic., +_]lllllle/,'gllltlllg--(]o_qjepalitml, #{isk_, ¢lud (;till A#lrtl%'._e_, I.Sy<_-{gg-00_R (El ,Igl{'glllldl), (]A:
l,-Systt'lllS, Inc., 1':t88).

<qlt. _,lost slalislical ana[)'st's o[ ]aiin(ll systl'ill il>liallility ale ftirltlt'r hanii),..red t)} llle cilangt's lhai air'

liladt" in lilt' s vslenl aftl'l il taihire to iliipiovi, it; lhis illlro¢llltt's iit'w IIiIki/oWliS into tlic analysis, ]_'tlitht'llliOit,,

t_)i tilt" STS, eath <it" thc |(_tir orl)itt'is _llt" soint'wiial ditli.rt+ui, and lllall% Iip_l'Hdi.s and other < llaligCs dl-t' niildt.

in tilt' SllbS)stelns t)lqwt't.ll tlights. ']'hi, l'i,l_)rt ,, t'acil l;iunch call in illallX rt'spt'l+l._; l)t. { onsiderc<l as tit';till (hi' Ilrsi

of its kind. Nt"_t'rilit'loss, oil(' can oblaiil a rough statisli_al t'stiiliiite o| rcliabilit'¢ I)'¢ aSsulnin_, that ail Shilillt"
l:.illncht.s art" rotl_hly idl'lltiC;:l]. " "

141. l r,N. (]Oll l._l-CSs, ()tticc {)| TechnohiRTc A_,s('_;'4111t,llt, I¢ouud 7)-ip t+_ OlhzZ." tlumatz ,STmfe/li,c&t All_'rtutlive_

(li_(asllitlgtoll, l)(]: tr.N. (;<i'lt'lllllll'llt Pl-illlinl_ ()flit t+, AllgllSt [I.IN{)), pi). 1]. 25.

82. Resilience is a llleaSUlt, i)t the ability to recovvr [i'om a I;lllllCIi []liltue. Higll resilience ¢'_tll I)(. il(tlilll-

plishcd b: repairing lilt' t.lilurt" quickly and emphlvhlg a launch stlrt4c straieg 7, tll catch up on waiting launches

or by using ottier launcll veilicles (assuniinll _ launch vehicles art' relatively intt'rchangeablc). Bcfi_rc thl - <h'xcl-

Ol)lncNt ot thu Titan IV, Ileal T payhJads tould _mly I)c launched on Ihe Sh'ulih'.
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year) and improved its on-time launch performance, suggesting lllalsuch a rate provides

il good balance between satt'ly and costs.

The Soviet Shuttle

Betore NASA otficials were able Io savor fully the return of the Space Shuttle to flight

status, tile Soviet Union demonstrated its capacity to build and launch its own s|luttle. In

a move lllal mirrored the increasing openness of Soviet society during the regime of

General SecretaIT Mikhail Gorbachev, early ill 1988, Soviet officials released drawings and

descripti,ms of their space shuttle. _:_Later in tile year on November 15, rocket engineers
successfully launched tile shuttle BuraPl (tneaning "snowstorm") into orbit, attached to the

alMiquid l'!nergiya heaw'-lift launch vehicle. +' The tlight was automaled; no crew members

we,e aboard (Figure 2-'7). After two orbits, tlight controllers landed Buran on a runway

aboltl It'll kilonwters frolll the Baikonur Cosmodrome launch pad.

Alttlough Buran superficially resembled
tilt' [!.S. Shuttle orbitm, ill detail its concept

was rather different. For one thing, in keep-

ing with the Russian approach to new

human spacetlight undertakings, tile first

tlight was fully autonlatic--no cosmonauts
were aboard, ahhough tile orbiter was

reportedly capable of carrying ten crew
nwmbers. Second, Buran carried no rocket

engines. Finally, unlike the integrated SRBs,
external tank, and SSMEs of tilt: U.S.

Shuttle, Enelgia was a staxld-a.lone vehicle

capable o1 launching up to 220,000 pounds

to I.EO, inchtding tile Buran orbiter.

:Mthough it lasted only two orbits, tile flight

was all impressive achievement, but one that
was not tollowed up either with additional

Ilights or tbe crafting of other orbiters.
While the weakness of the Soviet space pro-

gram bad not yet become fitlly apparent in
the [!nixed States, the t)rogvan_ was past its

zenith. By 1991, tilt" Soviet Uni,m and its

economy had collapsed, taking with dwm
lilt" will 'to continue to invest large sums ill

space achievements. In a few years, Bumn
becanle an exhibit ill a Moscow park, and

tim Energiya launcher was never used again

to lift payloads illtO orbit.

l,'i_,_,,v 2-7. 77_e/brm:r Soviet Union i_ umnanned shuttle',

Buran, stood ready on the laumh pad wHh the F.nerl,"i_a

laumher in late 19NS. It wmdd make mtl_, one/hKht.

83, "Soviet Union Developing Range of Matmed, Unmaniwd launchers," Aviation Week & .St*me

TechnMoK,; , March 28, 1988, pp. 52, 53, 5S.

84. Craig Covault, "_wiet Shuttle lmmched ,m Energia Booster," Aviatim_ Week & Spate "l_,thnolo_',

Nm'embcl 21, 1_.188,, pp. 18-21.
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Variations on the Shuttle Theme

Beginning well before the Space Shuttlc actually tlew, engineers considered a wide

variety of technical options for improving or extending the Shuttle's basic capabilities.

These included adding to its lift capacity, carrying civilian passengers, and extending the

stay time on orbit. Tile impetus tor such studies derived tiom tile finn belief among some

observers that once tile Shuttle became operational, the demand fi)r launch services

would grow quickly, making it attractive to add signiticantly to overall launch capacity.

Among tile ideas driving such thinking was the photovohaic solar power satellite, which if

buih would have required lofling millions of kilograms of materials into geosynchronous

orbit and space workers into LE(). _-' Concepts dewqoped during the mid-1970s ranged

from simply adding additional smaller solid rockets to the SRBs, to substituting large liq-

uid rocket booslers for tile SRBs, to building a fly-back booster, m_(kmcepts also included
ideas as diverse as a passengm=carrying orbiter capable of taking several tens of passengers

to and from orbit and a strictly-cargo vehicle based on using the SRBs, the external tank,

the SSMEs, and a cargo canister to substitute tot the orbiter.

In general, these ideas never got beyond the concept stage. Yet, by the lale 1980s+ as

space station planners struggled with the realities of lofting a station into orbit and resup-

plying it, some experts began to revive such concepts. Among other options, they consid-

ered building a hea+T-lift launch vehicle that would t)e capable of launching large station

payh)ads to orbit. The specter of losing an orbiter in tile course of station construction,

and tile large hi|tuber of Shuttle flights (more than twenty) required for tile station then

under consideration, led to studies of an ahernalive, larger cargo vehicle to reduce the

nunfl)cr of orbiter llights. The Advanced l+aunch System (AI.S) then under consideration

(see Chapter 4) might have served such a purpose, but some NASA engineers argued for

a cargo vehicle based on the Space Shuttle.

Initially, this was called the Shunle-Derived Vehicle; later, the concept became known as

the Slnttlle-C, for cargod: [11-46] Because tile design of the Shuttle puks the SSMEs ,mcessat),

tor part of tile propulsion on the orbiter itselt; the S|nlttle-(] cargo carrier would also nee(I to

car D, liquid engines to reach orbit. NASA considered the option of using tile reusable SSMEs

in a boat-tail configunttion and dropping them off to be recovered in the ocean, })lit the

agency fimnd recove D' and relhrbishmen! too cosily. '_ NASA engineers decided instead to

employ SSMEs that had tlown enough times that they were no longer sufficiently reliable tor

human t]ight, then letting them burn up in tile atmosphere after use. As tile concept was

developed, tile Shuttle-(: would have been capable of lofting about

178,000 pounds to orbit tiom Kennedy Space (;enter Uhimately, after nearly four years of

sltldy, NASA dropped its Shuttle-(] efIorts, ill large part because OMB deemed the vehicle too

costly. Furthermore, the move away from using lilt" Shuttle launch tor science payloads that

could tly on EI_Vs removed most of tile non-space station launch pressure on tile Shtlltle.

85. Peter E. (;lasm. "Power from Hm Sml: IIs Fmute," Scieme 162 (November 22, 19681: 857-86. For a

descriplion and assessment of solar p_)wer salellite concc[)ts of the late 1970s, see U.S. Congress, Otlice of

Te(hnolok,2,, /kssvssmenl, S,Im Powe_ .galellite_, ()'I'A+E-I t t (Washington, 1)(]: U.S. (;overnmcnl Ptinling ()trice,

August 1!)811.

86. MTW. lack Bell+ "Space Shutlle Vchi_ h' (hmsth ()pit<ms," paper presented at IIR' American Instittttt' c)t

Aeronautics (]onti'rence on Large Space Plaltorms: Ftllttre Needs and (_apabilities, [ ,os Angeles, ('.'k, Sept<'nll>et

27-2'9, 1978.

87. Theresa M. F_h% "NASA May Sock Pr_)l)osals tot Shuuh'-l)erivt'd Bi)osl{'l;" Avialimt Week & .Space

T_,chmdoL_,June 29, 1987, pp. 24-25.

88. Craig (iovauh, "Shuttl('-(; Unmanned |[vavy Booslcr Could Simptit}_ Space Slaiiolt l.aunch," Aviation

Week & Spme 7_'d*m;b*&,_, August 15, 1988, pp. 87-88.
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The Advanced Solid Rocket Motor

Tile tailure of the Space Shuttle's solid rocket motor had repercussions for NASA's

Shuttle wogram that extended tktr beyond the redesign of the moton Proponents of both

liquid boosters (ptnnp-fed and pressure-ted) and more advanced solid rocket designs

argned within NASA and [)eft)re Congress that a major overhaul was needed. In addition

to providing additional sa[k"D, the proposed designs would have improved the payload

capacity of the Shuttle, which fell far short of the expected 65,000 pounds placed in the

standard twenty-eight-degree LEO 110 nautical miles above Earth's suHhce. A.s a resuh of

weight growth during manu[a.cture and early operations, the Shuttle was capable of car-

iTing a maxinmm payload to this orbit of only 48,000 pounds. [towever, some payloads,

particularly space station components, were expected to weigh more.

During the period after the Shuttle returned to tlight, NASA engineers explored two

new solid rocket designs-ithe Advanced Solid Rocket Motor (ASRM) and an improved

Redesigned Solid Rocket Motor (RSRM). The ASRM was a totally new design that would

use a new manu[acmring process, allowing the entire motor to be poured at one time. It

would therefore not have joints that might fail. Proponents argued that the ASRM would

p,ovide greater safe_ than segmented boosters. Alter conducting detailed engineering

studies of both liquid- and solid-fuel designs and comparing costs and sat>ty, NASA decid-

ed in early 1989 to proceed with the ASRM on the basis that it would result in lower over-

all costs with comparable flight safety?" In March 1989, NASA's Aerospace Safety Advisory

Panel noted that "on the basis of safety and reliability alone it is questionable whether the

ASRM would be superior to the RSRM . . . tmtil the ASRM has a similar background of

testing and [light experience. ''_"'

szk,t, NASA's own analysis disagreed with these tindings, and in late April 1989, tile

agency awarded two contracts for the ASRM to a partnership tormed between Aerojet and

l,ockheed. One contract supported the design and development of the ASRM; the second

contract was lot the design, construction, and operation of an automated solid rocket

motor production facility. NASA designated Yellow Creek, Mississippi, as its preferred gov-

ernment-owned/contractor-operated ASRM production site and the Stennis Space

Genter in Mississippi as the motor test location. NASA estinlated that ASRMs could be

ready for a first launch in 1994 or [995. Agency officials also expected that the ASRM pro-

gram would help promote a competitive solid rocket motor industry. "_

Tit(" ASRM was never bnih. M'ter NASA built the plant in Yellow (;reek, Mississippi, and

began Io outfit it, Congress began to have second thoughts about the increasing costs of

the ASRM program. In October 1993, Congress w)ted to shut down the .&SRM program as

a ct_st-saving nlove. NASA lllen decided to put greater emphasis on improving the RSRM.

Space Shuttle in the 1990s

Once NASA was assured thai the redesigned solid rocket motors worked saftq); that the

operation of the SSME improved, and that other safe_'-related issues were addressed, the

space agency began to operate the Space Shuttle on a more regular basis, and latmches had

fewer delays. In fact, by the late 1990s, NASA [{Pit that it could hand over the (laDt<_[ay

89. Ploplmenls ot solid rockel Inolors rogued Ihat such Inolors, il properly designed, are nearly as sate as

liquid l()ckcI nlolilrs that itlC by their _.'ci y nature nltlC]l llll.)l-e t mnplicaled and sutter [ronl a greaWr nunlber of

possible t_+.ilm'e modes.

90. Aerospace Salety Advisop,' I'anel, Anm_al Reporlfl+J 1988 (Washington, I)C: NASA ttcatlquarlers, Code

Q-I, Mav_h 1989), p, 3.

91. NASA, "Space Shuttle Advanced Solid Rockel Molol_Acquisi6on Plan," March 31, 1988, p, ?,, NASA

I lislorit al Rt'tk'rcnce t]ollection.
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operations of the Shuttle to a private contractor, United Space Alliance. [11-47] The

reusability of the orbiter also made it possible fi)r NASA to demonstrate tim Shnttle's abil-

ity to return payloads from orbit. For c'xample, in 1990, STS-32 returned from the l.ong
Duration Exposure Facility, which had been in orbit since 1984, when it was deployed by
STS 41-C. After the communications satellite Intelsat VI was placed in an unusable orbit

by a Titan IIl rocket in March 1990, NASA astronauts aboard STS-49 in May 1992 captured

the satellite and redeployed it after attaching a new perigee kick motor to place it in geo-

synchronous orbit. In December 1993, the Shuttle rendezvoused with the Hubble Space
Telescope, which had been launched with a misshapen primary mirror; the Shuttle crew

was able to install equipment on the telescope to correct this mistake and perform other

servicing tasks. Such feats, while demonstrating the utility and flexibility of the Space

Shuttle, were generally overshadowed by the Shuttle's high operating costs, and NASA

began gradually to focus more on the use of the Space Shuttle for use in constructing and
operating the International Space Station.

The 1993 agreement between the Russian Federation and the United States to include

Russia as a partner in the International Space Station had a major effect on Space Shuttle's

operation during the 1990s2 _ On one hand, Russia agreed to launch part of the station and
to assist in resupply, reducing the burden on the Shuttle. On the other hand, the United

States agreed to place the station in a 51.6-degree orbit, which reduces the payload the
Shuttle can carry to an orbit with that high of an inclination. Furthermore, Russia and the

United States agreed to a combined Shuttle-Mir program as a precursor to International

Space Station's construction. As NASA argued before Congress, this proga-am would not only
gave NASA and the Russian Space Agency valuable experience in working together t)efore the

latmch and assembly of the International Space Station, it would also test tile Shuttle system's
ability to reach a Itigh orbit reliably with a tightb,, constrained launclt window.

The firsl Shuttle lmmch to the" Russian Sl)_lce station Mir took place during.June 1995
on STS-71 (Figures 2-8, 2-9, and 2-10). on.June 29, the Shuttle Atlanti_ docked wilh Mir

to deliver two Rnssian cosmonauts and to return NASA astronaut Norman Thagard to

Earth after 115 days aboard the Russian station. The Shuttle-Mir program was completed
with STY91 in June 1998 after nine successthl dockings with Mir ()n I)ecember 4, 1999.

the Shuttle Endeavour (ST_88) launched lhe first component of the Inlernational Space

Station into orbit, marking at long last the start of the Shuttle's use for which it was pri-

inarily designed--transport to and from a permanently inhabited orbital space station.

Conclusion

,,ks the documents following this essay illustrate, tim design of the Space Shuttle was a

compromise among many technical and political considerations. Dming its conception.

right on through to its development and use, virtually every element of the Shuttle's design
and use was criticized by someone--sometimes tbr techilical reasons, sometimes for its

high costs, and sometimes for questionable NASA decisions. In retrospecl, perhaps the

most serious of lhe criticisms was that leveled at the set of policies l]lal led to the altemf)l

to require the use of the Space Shuttle for all U.S. space transportation needs.":;

Nevertheless, this compromise design, while expensive and complicated to operate, is

today the world's most advanced and versatile launch system. Although NASA and its con-

tractors have explored tmmerous alternatives to launching human crews lo and from space
(set. Chapter 4), none are likely to replace the Space Shuttle tor at leasl anodter (teta(le.

92. I:.S. Congress, Ollice of _lk'chnolog_ :ksscssmcnt, I'.X. ltus_ian Cmq_eration ipi Sprue, (YI'A-IS,";-(iIN

(Washington, I)C: U.S. (;ovcrnment Printing Ottlcc, April t995).

93. l.ogsdon, "The Space Shuttle Program: A Policy Failmc?"
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Fiffure 2-,v,. A member o] the _tew on ttle Rus.siazl _pme _tation Mir took flus photo _q tile orbite_ Atlantis /n,e_ the ._outhern

Aral Sea/mot to reml_vou_. With the pa)hmd door_ open, tile Spacelab science module and the docking ntechani_m tan be

wen on,]une 28, 1995. (NASA photo)

Figure 2-9. 7hketz the vitae day, this photo _how_ Atlantis

afproa_hing the dmkzng nmh" mt the K_lall module o/ the

Mir _pace _tatum. (NASA photo)
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Document I1-1

Document tide: Ad Hoc Subpanel on Reusable Launch Vehicle Technology, "Report for

presentation to the Supporting Space Research and Technology Panel," September 14,

1966, pp. 1-8.

Document 11-2

Document tide: Supporting Space Research and Technology Panel, "Final Report, Ad

Hoc Subpanel on Reusable Launch Vehicle Technology," submitted to the Aeronautics

and Astronautics Coordinating Board, September 22, 1966, pp. 7-10.

Source: Both in NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

During the 1960s, the Aenmautics and Astronaaties Coordinating Board (AACB) was the primary

coordinating body between NASA and the Department _ Defense (DOD) on aeronautics and space

is_ue._. Both agencies had begun to think through t_ir future ,_pace transportation needs l_' 1965.

The AACB Supporting Space Research and TechnoloKv (SSRT) Panel established an "ad hoc sub-

pa,el" to examine the technology needs iJa reusable launch vehicle (RLV) concept were to be pursued.

Although there had been some prior thinking within government and industry on such vehicles, thi.s

g'roup's work was among the first to give focused attention to the technological and economic foun-

dations for an RLV development effort. Only the summary section of the subpanel report to the SSRT

I'anel appears here, as well tts only the memo and comments on economic aspects of reusability from

tbe final report submitted to the AACB.

Document I1-1

[original stamped "CONFIDENTIAL," "OFFICIAL USE ONIN," and "UNCLASSIFIED"]

Report
of the

AD HOC SUBPANEL ON REUSABLE LAUNCH VEHICLE TECHNOLOGY

Supporting Space Research and Technology, Panel

Aeronautics and Astronautics Coordinating Board

Ill

for presentation
to the

Supporting Space Research and Technology Panel

September 14, 1966...

SUMMARY

SEC_____TION I

The Aeronautics and Astronautics Coordinating Board (AACB) established the Ad

I hw Subpanel on Reusable I,aunch Vehicle Technology' (SSRT) to review and assess the

adequacy o1 the kwhnologics which direcdy support reusable launch vehicle systems. As

defined in the Terms of Reference (Appendix A), "This supporting technology' includes

aerodynamics, strtwttues and materials associated with such vehicles, as well as lifting

i'(,ellll_V, l'(!cOVel'y ([evices, al/d Sllpersolli(" colnhustioI1 ellgilles and rocke! ])roptdsion."
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Due to tile large number of technologies involved, the Subpanel has been selective in ils
reviews hoth as to subject mauer and detail.

It is imp<)rtant 1(7 now that no single, most desirable vehicle concept c<)uld be identi-

fied by the Subpanel filr satisE,ing fimne DOD an(l NASA objectives. Consequently, a
number elf reusable launch veiiicle configu,ations were selected by the Subpanel and

operating modes ofgreatest potential interesl to the D()D and NASA were defined to pro-

vide a realistic means for the identification avid assessment of the critical supporting tech-
nologies. The selected vehMe concepts included hoth tully recoverable and partially

recoverable reusable vehicles. These advanced concepts were specifically chosen to he typ-
ical avid represeutative of fimnre development possihilities, and to reflect a time-phased
evolutionax T pattern of growth capabililv consistent with potential needs beyond the early

1970's. Figure 21 [not reprinted here] summarizes the technology status fc)r the selectect

vehicle concepts; technologies considered critical are highlighted. This report is basically
concerned with these critical technology areas.

In deriving these representative configmations a review was made of current launch

vehicle and recoverable spacecrati capabilities, exlensive planning studies conducted on

timzre vehicle configurations, and current projections of future capabilit 3, goals. On the

basis of this review, it appeared that the present stable of launch vehicles provides a snb-
slanlial spectrum of payload delivmw capability and that the present vehicles either in use

or under development could fidfill ihe requirements of both agencies in terms of payload
capability for the next seven to ten years.

While it appears technically feasible to recover selected ballistic stages and compo-

nents of the present launch vehicle systems (i.e., S-IC), it is not clear that ballistic stage
recovm T and reuse wonld be economically justifiable or operationally advantageous even

fbr the case of Saturn V stages (modest launch frequency). [2] Basic _questions, concern-

ing system design and operations which critically affect the estimated economic impact,

remain for the ballistic mode of recoveD,. In view of the possible economic gain, an exper-

imental program could aid in reducing uncertainties relaling to ballistic flight and termi-

nal recoveD, , relhrbishment operations, and stage or nlajor suhsystem reuse, as applicabh,

to both existing stages, i.e., Titan, Saturn, and thtun: ballistic launch vehicle systems.

The most likely area filr a new or substantially uprated latmch vehicle system in the

flmlre appeans to he in the 60,000 to 100,000 lb. payload delivma,, categoQ'. This potential
need is predicated on the basis of higher energ_ orbit requirem_:nks and a consistent his-

torical trend toward heavier pwloads for manned space flight systems, rather than specific

planned missions. In this regard, it is also noted that the manned spacecraft system will

impose additional weight on the launch vehMe, i)articularly if substantial on-orbit spacecraft

propulsion and reent D, aercldynamic maneuvering capabili_ are required. There is also a

possible need for a vm y large vehicle to prm4de a payload deliver3, capability, considerably
beyond the Satnrn V or uprated Saturn V capabilities, for NASA deep space missions.

When requirements dictate the development ofa subslanlially new launch vehicle, par-

tially and fhlly reusable concepts mnst compete x+dth advanced expendable concepls in the
selection (if the most economical and operationally desirable approach. Research and devel-

opment costs of reusable launch vehicles resuh it{ significant amortization penahies at the

projected launch rates. On the other hand, a vehicle capable of autonomous, reliable oper-
ation can be made less dependent on world-udde support activities during launch, on-_)rbit,

and recoveiT, and may thereby permit a significant reduction in surtace support operations,
the economic value of which has not been adequately assessed. In any event, both the

expendable and reusable avenues to fllture vehicle development should remain open.
In the area of spacecraft, it appears highly probable that an advanced nnmanned or

manned spacecraft capable of land recovm T and reuse may be required in the mid-1970

time period. ()lrrent spacecraft systems are well suited to tcMav's programs but are limit-

ed in ternls of their applicability 1o more ambitious operation_d progranls. Air snatch of
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datacapsulesfromspacehasbeendemonstrated.Remarkablesuccesshasbeendemon-
stratedill mannedspaceoperations.TileGeminiandApollospacecraftcanmeetthecur-
rent mannedspacecraftrequirements.However,the basiccharacteristicsof these
spacecraftarefixedintermsofsize,shapeandoperationalmodes.Thesespacecrafthave
limitedcross-hingecapability(approximately40n.mi.[nauticalmiles]cross-trackduring
returnfromlowearthorbit),areconstrainedduringlaunchandfor returnby[3] sea
state,atmosphericanddaylightconditions, and are exposed to water recove W which can
increase the costs associated with recovery and refurbishment operations. These systems

are supported by extensive deployment of surface forces during launch and reentry, and

by extensive ground station support during orbital operations.
It seems probably that future desired spacecraft capabilities will include unmanned

and manned reusable vehicles having capabilities of autonomous operation on orbit and

the ability to touch down at selected land sites nnder unfavorable weather conditions. The

current _'uad planned programs of both agencies appear to be well directed toward this

goal. Tile critical technical areas associated with such a spacecraft are also shown on
Figure 21. Pursuit of these critical areas is considered t)y this Subpanel as a technology,'

goal of major importance. A tkmher tectmologT goal of equal importance and somewhat

hmger term significance is the development of technoh)g3' associated with an integral

upper-stage spacecraft which could offer improved operational capabilities. This goal
inchldes virtually all of the technological problem areas related to reusable vehicles and,

conseqtlently, ot];ers a convenient fi+amew<nk for organizing the technolob, O' activities rec-
ommended for the coming years. Such an integral upper-stage spacecraft is included in

the selected vehicle concepts, and the critical or limiting technologies associated with it

are shown on Figure 21.
The technologies assessed by this Subpanel are limited to aerodynamics, structures

and materials, rocket propulsion, and air-breathing propulsion. No attemp¢ has been

made to assess the technologies associated with guidance, space power, command and

control, and other functions which will lie required of future space systems.
The most serious deficiency in the aerodynamics of reusable launch vehicles is the

small amount of wind-tunnel data on realistic vehicle configurations incorporaling neces-

sary stability, control, propulsion, heat protection, terlninal descent, and landing features.

The limited contiguration analysis and testing possible at current levels of effort are insut2

ficient to assess impact of technology uncertainties on system capabilities for design opti-

mization, system evaluation, or development decisions. Early development of all

operational system would require excessive design conservatism with weight and perfor-

mance penalties.
Aerodynamics technologT is sufficiently well advanced to support the developmen! of

reusable ballistic spacecraft, except for land-landing systems, and is advancing at a rea-
sonable rate on moderate L/D [lift-to-drag ratio] lifting-body contigurations. The tech-

nologw of higher I,/I) spacecraft and of integral upper-stage/spacecraft combinations is

less dewrloped.
[4] Present aerodynamic test tacilities do not adequately simulate the high-speed tlight
environnlents of reusable launch vehicles and lifting reent D' spacecraft. The most critical

need is for hypersonic facilities which can achieve high Reynolds numbers and adequate-

lv simulate turbulent flow on large detailed models of complete configurations. In addi-

tion, high-enthalpy t:acilities are needed to determine real gas effects at high h}1lersonic

speeds.
There are a number of pressing structnres and materials problems associated with

reusable launch vehicles and advanced maneuvering spacecraft which will pace the avail-

ab litv of efficient operational designs. Vertical take-off and horizontal landing launch

vehicies pose problems in thermal protection systems which will have long life and call be

reliably inspected and reused, or can be refurbished and rensed. Tank configurati(ms and
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arrangenmnts compatible with good aerodynamic designs pose significant structural prol)-
lems. More advanced vertical and horizontal take-off launch vehicles will pose additional

problems in fhbrication of lightweight structures employing cryogenic tankage having long

life and capable of many reuses. Second-generation manem'ering reenn T spacecraft capa-

ble of reuse are sinfilariy paced by long-life thermal protection systems capable of refur-

t)ishment at low cost. Reusable spacecraft integral with the upper stage of the launch

vehicle combine the most severe structural design problems, l)efinition of realistic config-

urations would greatly assist structures and materials programs in attacking these problems.

It is not generally realized that demonstrated durabilities of existing large rocket

engines offer pronfise of up to 50 reuses before major overhaul. However, routine inspec-

tion, maintenance and rethrbishment would be difficuh and costly for reusable applica-
tions and engine modifications to enhance reusal)ilitv may be vet); costly for these cases.

Thus, use of existing rocket engines in future rensal_le systems, while ff'asible, may no!

yield the desired econonlies of operation, and should only be considered in conjunction

with Near Term, partially reusable vehicle concepts. The advanced high-performance

(),.,H e [liquid oxygen/hydrogen] engine demonstration program of DOD and NASA will

provide a basis for fttture engine deveh>pment specifically for reusable vehicles. Reuse and

low maintenance cost is a design objective of this engine technolog D, demonstration pro-
gram. This program is a fbrermmer of future engines applicable to first and second

reusable OeH,, stages and high-pertbm_ance expendable stages. For expendable first-stage

applications, this liquid rocket concept must compete with demonstrated large solid

motor technologT. The accnnmlative large solid mottn- technolog T capability is expected

to receive consideration in any new large launch vehicle detinition and development.

Advanced spacecraft are expected to utilize existing storable propellant technology in
initial operational phases. While muhi-start [5] space l_ropulsion systems have been suc-
cessfully tlown, these engines were not designed with low-cost maintenance criterion.

High-energD, propellant technology, is of interest for ,eusat)le spacecraft requiring high

orbital maneuvering capability. An advanced development program having applicability
to such spacecraft is presently planned by DOD.

Air-breathing propulsion systems offer promise for horizontal take-off horizontal

landing first-stage use in tire Mid Term period. For this application, a hydrogen timled

mrboramjet utilizing subsonic comt)uslion could be developed by the mid-1970's.

However, the required capability has not been fully demonstrated to date. Of prima W

importance is high installed thrust-to-weight turbomachine_T" A hypersonic air-breathing
system would present substantial vehicle integration problems; effective coordination with

future aerodynamics and structures/materials efforts related to these applications is

required. More advanced air-hreathing propulsion systems involving supersonic combus-

tion are too indistinct at this time to permit anything more than a preliminary assessment

in terms of applicability to reusable first-stage launch vehicles. Further applied research is
needed to establish performance and fidlv detine the interrelated aero-thernm-structtu-al

problems of supersonic comt)ustion propulsion systems. A major problem in developing
an air-breathing propulsion system is ground test facilities. While current facilities are ade-

quate for large flfll-scale tnrbomachine W development to Mach 3.5, these fa.cilities are

inadequate fin large ramjet development to substantially higher Mach nunfl)ers. Small-

scale ramjet research can be conducted adequately to about Mach 7.

At this point it is concluded that system design, integration, and evaluation studies of

promising reusable launch vehicle and spacecraft concepts are needed to provide specif-
ic and continuing guidance to technolog,0, programs. Such studies wonld provide realistic

configurations of sufficient interest to warrant point designs and wind-tunnel testing, and

would assure necessa W consideration of tire more promising structures and thermal pro-
tection systems, propulsion system integration, control, terminal descent, and landing fk'a-

tures. These studies should be highly selective and provide a basis for effective

coordination and balance I)etween tim various technolo_, disciplines.
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The Subpanel has found a substantial amount of research and advanced technology'

effort heing pertormed in aerodynamics, materials, structures, and propulsion that is

applicable to reusable launch vehicles and spacecraft. These activities are summarized in
tabular tonn in Section V. However, much of this effort is directed primarily toward

advanced manned spacecraft that are recovered but not necessarily reused, manned

hypersonic-cruise vehicles, and expendable launch vehicles.
[6] There is no assurance that these activities alone will provide the balanced, integrated

technolo_' base needed to support a reusable vehicle or spacecraft development decision

in the future.

The Subpanel has not been entirely successful in sharply defining botmdatT condi-
tions within which the various technologies should be advanced. The ditficulties experi-

enced by the Subpanel, however, are in part a reflection of the disciplinaD' radler than

systems approach employed in this area in recent years. The approach recommended tor
fttture activities, consisting of technology programs integrated and guided by means of
selective system studies, should contribute substantially in defining more precisely and

solving the problem areas limiting the evaluation and future design of effective reusable

configurations. General recommendations are included ['or each technolo_' area within

this report. However, the Suhpanel has identified the major areas which should receive

priority as discussed in preceding paragraphs.
The Subpanel has found a strong mutnal interest in a[n] uninhibited and elleel|re

two-way flow of intormation between DOD and NASA on essentially all aspects of the
research and development activities discussed herein. Present DOD/NASA coordination

procedures are adequate in the area of technologies associated with reusable launch vehi-

cles and spacecraft. Continuation of this Ad I-lot Subpanel is considered unnecessary.

The technology goals and recommendations of this Subpanel should be of value to

the field organizations of both agencies in planning their future technoloD' programs in
the areas discussed in this report. The Subpanel recommends that the Supporting Space

Research and Technology Panel review the area of reusable launch vehicles and reusable

spacecraft in the fttture to assure that the following principal recommendations of ttais Ad
Hot: Subpanel <.)ii Reusable Launch Vehicle TechnoloD' are pursued. These principal rec-

ommendations are:
1. Selective systents design, integration and evaluation studies should be initiated to

provide a definitive basis for establishing suitable technology goals, for guiding the direc-
tion of technology programs, and to assure ettective coordination and balance between

interrelated ettorts in the various technological disciplines involved.
2. Aerodynamics configuration research on reusable launch vehicles shotfld be

increased in cc)njtnlction with the above system analyses to permit quantitative assessment

of limiting technoh)gies and evaluation of promising concepts in terms of their teclmical

feasibiliw sensitivity to aerodynamic parameters, operational capabilities, and costs.

[7] 3. Where systems studies and contiguration research identify areas ofsutticient tech-

nological uncertainty on reusable configurations of interest, the required technological

programs should be undertaken t() assure that valid comparisons of such reusable contig-
urations can be made with advanced expendable launch vehicle concepts, and to provide

an adequate technological basis for future development decisions.
4. (,rearer ettbrt should be applied to investigation of the deployment and perfo,-

mance characteristics of maneuverable terminal descent systems for soft earth landing of

either ballistic or decoupled lifting reentry spacecraft.

5. Cont]gul-ation research in wind tunnels on advanced maneuvering spacecraft and

integral upl_er-smge combination configurations should be increased to determine their

aerodynamic characteristics and pertbrmance capabilities.
6. New hypersonic Patti|ties and modifications to existing facilities should be pro-

vided to enable testing large models at high Reynolds numbers and high enthalpy in

order to more adequately simulate turhulent tlow and real gas effects.
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7. Additional structures and materials effort is required specifically supporting the
long-life low-cost retilrbishable thermal prolection systems required for reusable launch

vehicles and maneuvering reent_, spacecraft. This effort should be carefldh, directed and
guided I)y the systems studies.

8. Analytical studies shottld be conducted using advanced air-brealhing propulsion
systems for reusable launch vehicles in the Mid and Far Term time periods. These studies

shouhl be incorporated witlt advanced vehicle contigurations and should be closely cou-

pled with the configuration and wind-tunnel studies retommended under Aerodvn'amics
in this report.

9. Turboaecelerator engine component and demoLtstrator techLmlo_, progranls
should be StLStaiLled to assure the turb<mcceleratoL--type engine can be avaihtble for Mid
Term applications if required.

10. Supersonic contbustion component research and demonstrator technolo_, pro-

grams should be supported to insure acquisition of technolo_, for fimue broad applica-
tion, including possibly an advanced launch vehicle stage.

11. If provisions are made for ground-based test fhcilities in which fidl-scale researcll

and deveh)pment of air-breathing component systems and engines (an be (ondueted

(Maeh 0-8), reusable launch velticle proptflsion'requirements should be considered ill
defining su(:tl a facility.

[8] 12. Studies are needed to define an experimental program which could aid in reduc-

ing uncertainties relating to ballislic flight and terminal recovel T operations, refurbish-

ment operations, and subsequen! vehicle stage or subsystem reuse; experience gained

froin a flight test program ofa current velticle stage could provide prelimina_, f>asibility
demonstration of recovery and the first significant data on ballistic stage recovery and
relLse operations.

Document 11-2

[original stamped "OFFICIAI_ USE ONLY']

[7] TO: (_o-Chairmen

Aeronautics and Astronautics Coordinating Board

SUB, IE(7I': Final Report, Ad Hoc Subpanel on Reusable Launch Vehicle Technolog3/

On 24 August 1965 the AACB established the Ad Hoc Subpanel on Reusable Launch

Velliele Tecbnolog,_, under the Sul)porling Space Research and Technology. Panel. Tim
work of tiffs Subpanel is now complete. The Subpanel's findings and recommendations

were presented on 14 Septentber 1966 to a joint meeting of the Supporting Space
Research and Technolog,_, and l.aunch V " "ehlele Panels.

The SSRT Panel feels that the attached final report is responsive to tile TerllLS of
Reference set down by the AACB and that the Subpanel is to be comtnended. The d(}{u-

ment provides vahlable guidance to both DOD and NASA for filture lechnoh)gy programs

relating to reusable launch vehicles and maneuvering reentl T spacecraft. Although nol

included ill ttte Terms of Reference, the SSRT Panel also requested the Subl)anel on
Reusable l.mulch \2_.hiele Te(:hnoh)g_, to prepare a brief assessntent of lhe etonomic

aspects of reusab e v( bieles inchlding its views on the rehttive o,der of "payoff" in recov-

ery and reuse of spacecraft and launch vehicle stages. The Subpanel has responded wilh
Ihe attached statement.

The SSRT Panel agrees with the summary conchtsions and general recommendations

of the Subpanel as presented in this report. "l lowever, we feel that an economic study in
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depttl is required to provide inoie specitic guidelines for developing the most illealling-

fill technolog3,' Io yield the greatesl payoff. We i-ecolllillend, therefore, that all additional

sttidy, focused on'the eCOllOltlic ;tspects of spacecrali and launch vehicle stages, be con-

dueled by an appropriate group.
%_,_ consider the findings of tile Subpanel of sufficient interest to warrant a one-hour

presentatioil at the AACB meeling on 22 September 1966 and request the necessary lime

be so scheduled.

Mac C. Adanis Donald M. MacArthur

(]hail-nlall, SSRT Panel %,rice Chairman, SSRT Panel

lille: 9/22/66 Date: 22 Sept. '66

Attactunents (As stated)

lS l AD I IOC SUBPANEI, ON REUSABI,E lAUNCH VEttlCLE TECHNOI,O(;Y

(]onllllents on Ett`)nonlic Aspects o1' Reusabilily

Requested by SSRT Panel

The Sul)p_uit`'l COllCelltrated iis eft(iris on tile objectives in Ihe Ternls of Reliqeilce--

i.e., io exaiilille the tecllillllogies related 1o reusable vehicles. The Subpanel was ilol asked

to.lust|l\, re||sable l_ttin(ll vehicles nor to deter|nine the conditions utider which a rellsable

iauiicll ('ehicie inigili be econoniic_lliy ill|reduced lille the inventory. 'tile Sut)Danel t(llind

tile isstie of vehicle costs to be ilhisol_' and recognizes the signitlcant` e of lie| being able

Io pet|eli;lit" this _lit`'_i Silite Ilie illoiivation to t)lllSlie retis;tble vehicles inevitably will

iilvolve e(olAonlit _ls well as 91)eralional COllsideralioils.

The difi]cuilies experieilccd ill tile cost _tlelt wei-e ,,tssoci_tied prilil_ii-ily wiiii bolil

deveitli)nienl ;|lid ol)el;iliOllal cosl tlncertailitit's _tiid lhe ililllltcl el [tilliie sp;tte I)rograilis

;|lid objectives <>11vehicle charatterislics. _lillly pasl sllidit!s |lave lllilde colll|)_tl_tlive t`osl
Sttldies o[" adv;ulced reusable vehicle sysleliiS but none were fouild thai ottt_red cledibltA

llietiillds |_)1 esliillillillg ;tbsohlte tosts which could be conlpaled witt_ confide|lee itgaillSl

lilt' ('osls of ISle exislillg vehicle illvelllOlW _lnd stlppol-lillg facilities. Some of tilt" cost

illlCel'tililllies ;tlise fFoln itssessltlelll[ of lile 'technical risks alld developlllent ditt]culties as

well as prcdictioils of syslelll size alld |)elt'Ol'lll_lnctL Oilier el)st estiinating det]ciencies itlt,'

related to tile econoinics of overall operational c,harat:teristics--such as lecovel_' _tll(I

I'ei'til'|)ishillelit, iillitcl _ll)oll capabilities, and relative illdepelldellc/" of glOtlnd Slll)pOll

dtiling I;ltinch, oil or|lit, aiid ieentl')'--tor which virlu_tlly tie applicat)ie data could lie

l_lul/d. (]Oliseqllelllly, iilcitided alllOlig I|le v;tiious 1-ecoillillend_ttiOliS of llle Slibpallel _tie

svsieln studil's ;liid exi)eliillent_l[ |)rtlgralliS specifically or||`!tiled towards acquiring l_ileail-

cosl alld opeiatioil;l[ data ill these areas t()r ({tlncepts of Dotentia] illterest. It is
tie||eyed lh;tl tile coiidtlt`'l of these studies and experiinental progralns will ,_igiiiilt_llllly

ellh{lnce lilt" validity of |]illlre evaltltttions o1' the benefits of rt!usabie vehicles.

Neverlheiess, tile Stlbp{tlle| found ample l'easollS t() be encol|raged 1),%till' ptt)spe(ls

ltll i-etlsat)le veilicies. First, ii was lit)led lliltt one characteristic of tile space progi'alli ill tilt"

1970's will be an iiwrease in illanlied flight activity in near-e_lrlii orbits. 'Flit" tlnqtiesliolied

requirelnent for _ecra|t i-ecoverV il3 tilese applications, coupled wiill the hislorically
denioilstraled high cost of suctl nl;ui-v_lted spacecraft, itlakes them llalur;tl calididates |(it

reusai)ilitv. The iel)orl lloles lhal s|lacecr'<tfl cost several it|lies lhai of the ];tllllC|i veilicie

lilt it per-pollnd basis. (]lists per 1)otttld o[ spacecrait iutve l'{lilged as high as $3,000 to

$ l(I,(tl)t) pet +lit)tit|(| tilt iillinlie(l iilid tinllllllined llliSSiOliS with so|lie sinall and special pay-

load (.Oil|pone|ItS ltilliling Io $7(ti),t)0(/per potind. (]onsequeiltly, ii is fell that the princi-

pal intilivatit)ll [()r reusabilily will develop first in the area of lalld-landable !ecoverable
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spacecraft, and tile cxperietwe derived from these al_plicati(ms coupled with contintwd

technological advancement will stimulate greater ivrterest in reusable launch vehicles.

[9] The current large launch vehicles sttch as TITAN |tIC and SA.TURN IB are now capa-
ble of delivering payloads to low earflr orbit tbr $700 to $1000 per pound. This figure
could tie reduced to $500 per pound in rite ftlture. Past studies of advanced reusable

launch vehicles have estimated transportation costs :it $100 to $200 per pound of payload
Strch optimistic assumptions could, however, be :_chieved only by an investment in a new

reusable vehicle development estimated to range from three to seven billion dollars,

depending on the system selected and the respective degree of reuse. Such a large devel-

opment cost and the estitnated high unit production costs wot,ld of necessits' reqtfire sys-
tem and facilities amortization over extended periods of possibly ten, fifl_een or twenty
years at projected launch rates. •

The Subpanel notes that a _ reusable launch vehicle involving recoveK_,, and

reuse of a stage or certain m;_jor components would cost less to develop and mig'hl |)e
amortized in a shorter-- period with f;c'wcr flights. For this reason the Subpanel has empha-

sized th:rt partially reusable cotwepts could be COml)t.liliv_, with rtprated existing S'_¢rSt(']rrS
and advanced expendable vehicles in the 1975 ]_criod.

"File following perspective on relative order of payoff in rctlsat)le space vehicle systems
has t)een developed from a consideration of I)olh technical and economic |actors:

1. Recoverable manned spacecrat_ of de|nots|rated high costs as well as _lllltl'e

ttnmanned spacecraft with expensivt, payh)ads opcratiJtg itr low earth orbits are 1|1¢._ litst

natural candidates tbr land recover'v atrd rettsahilitv.

2. "File decision to develop a new latmch vehicle will tie based on a m;!jor new
reqt_iretnent which cannot be reel eftbctivelv by a t exislitrg uprated vehicle rather than on

an ecotromic basis alone. At such a time in tl_t" t'ltttlt_ • the most likely choice vdll be between

a competitive partially retrsable launch vehicle avid an advanced cxpc'tldable system

3. Tire integral rnpper-slage/spacc, cvaft comhination is next in relative payoff
Extremely dirtier|It technological problems are encotrnttwed due to the severe reentry

envirotmrent, the probable use of all-cryogenic propellatHs, and the attcrrdanl large stile-

face areas and structural weight penahi_',s. These technical goals are of major irnportance

in oitr program planning because they also combine, the most (lift,or|It technical i)robl(,ms
of fiflly reusable launch vehicle systems.

4. Reusable launch vehicles propelled by advanced air-breathing propulsion systems
(ABPS) will probably not become operationally attractive until tile late 1970's t)ecaust, of

the technical dilfictrities and development time required fbr such complex systems. Some

of the technolog3, required will be developed by tire hypersotric aircrafl progratn.

All o| tlrese tactors and the ttncertainties in development and operating costs sill-
rounding reusable latmch vehicle concepts and tile need for acid||tonal studies and tech-

Nological efforts Io rescflve tlrt!su rutcertainfies are considered by file Sul)panel lo provide
cause fi_r sustained interest in rettsat)le [ 10] vehicles and to iusti/_, tire recommendations

itr this report to establish the lt'chnolog,_, base associated wiih such vehicles. Rt'coverable

land-lalldable spacecraft should also receive early COltsidcratit)n fi)r reusat)ilitv since these

vehicles will afford air excellent opportttnity fi_r'reducing space operations c_rsts.

M.B. Ames, J|: Howard P. Barfield
Chairman Vice (]hairman
Date: SEP 22 1966 |)ate: SEP 22 1966
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Document 11-3

Document tide: Dr. George E. Mueller, Associate Administrator for Manned Space Flight,

NASA, "Honorary Fellowship Acceptance," address delivered to the British

Interplanetary Society, University College, London, England, August 10, 1968, pp. 1-10,

16--17.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, DC.

This 1968 speech to the British Interplanetary Societ'_ _ NASA:_ Associate Administrator Jot Manned

Space Hight, George Muelleg, .,_L_ one qthe.fi_t atteTnpts to set out a comprehensive vhion.fi,r the future

r_the U.S. human ,spaceflight program after Apollo. Central to making hi_ vZ_ion feasible, ,said Muellm
wa,_ a reusable Earth-to_trrbit launch system--a "space shuttle. " 7"hi_ was one t_ the first public uses °f

the te_n I_' a senior NASA o]ficial. The twelve fig_tres re]erred to in this _peech are omitted here.

[1[ 1 am greatly honored by your action to extend to me the privilege of ttonorary

Fellowship in llle British Interplanetaw Society. In hestowing this distinction you arc, rec-

ognizing the magnificent effort of so many of our people who are taking the initial sleps

in space exploration. On their behalf and iny own, ! thank you.
There ha_s indeed been great progress in the seven ,,,ears since man tirst ventured out

of Earth's atmosphere. In this short span of time, minute in terms of the history of

mankind, nlall'S ability to live and work in space has been validated. When two ,_stronauts

step through the hatdl of the Lunar Module onto the surface of the moon, man will have

come through the threshold of the present into the tuture. We hope to achieve this goal--

the dream of man since time began_u'ithin the next },ear.

With Apollo and the earlier programs, strides have heen taken toward the control of

a new region of our environment. The learning and testing which were the primary pur-

poses of the MetculT and (;emini programs produced significant accomplishlnents.

[21 The data accunndated provided a sull]cient sample for all to conclude that man call

livc and work in space for at least 14 days. None of the tlight results indicated that there

was a physiological or psychological limit to the time he inight },el stay in space. Fllltn-e

programs will have to determine these limits if they exist.
The Saturn V launch vehicle is now the toundation of the U.S. manned space pro-

gram. It is being qualitied to make the journey to the moon and back and to carry out the

forward programs now planned. It is, however, only the forerunner of other transporta-

lion systems which will be needed to extend our k,mwledge and initiate our utilization of

the space environment.
1 believe that the exploitation of space is limited ill concept and extent by the vel T

high cost of putting payload into orbit, and the inaccessibility of objects after they have
been launched. Theretore, I would forecast that the next major thrust in space will be the

development of an economical launch vehicle [or shuttling between Earth and the instal-

lations, such as the orbiting space stations which will soon he operating in spacc.

The Orbital Workshop shown in the tirst figure (Figure 1), now nnder development,

is a space station utilizing for its components aud its logistics support, stages, modules and

spacecraft which were developed in the Apollo Program. It will provide accommodation

for 3 people and their eqttil)ment for up to a ',rear in orl)it.

[3] The Orbital Workshop is the progenitor _)f space stations tha! should he used t_)l the

cou(Inct of' the many scientific, technological and commercial exl)criments and processes

which planners are now descrihing.
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These space stations will be used as laboralories ill orbit and will provide tile [acilities

to study and understand the nature of space. They will provide observatories to view the
sun, the planets and the stars beyo It[ the almosptleric veil of earth. Stations in orbit will

provide bases fi)r COlllilltlOllS observation of the earth alld its atmosphere on an opera-

tional basis--for meteorological and oceanographic uses, tot earth resource dala gather-
ing and evaluation, to, communications and broadcasling and ft," ground _raflic control.

As these stalions evolve, other uses will include the malnlt_tclure o[' specialized items uti-

lizing the tllli(ltle characteristics of the space eIlVil'Ol/ll/(:lllS. Tile basic nature of space
offers some natural conditions and circumstances that are not achievable here on earth.

One of the applications of these stations thai has intrigued planners for many years

has been their use as fuel and supply bases, and as transfi.r points enroute to high'or dis-
tant orbits, to lunar distance, or toward the planets.

The orbit of such a transtt'r slation will normally be of low inclination and low altitude

tot reasons oteconomy, satk'ty, convenience and II_"xibililv. Many of the missions [4] lhal

require orbit changes could use such a space stalion with spe_ialized spacecraD which
could maneuver to place payloads in desired orbits, eilher higher or lower in altitude

and/or inclination, or to rendezvous with established satellites for inspection, mainte-
llallCe or retritwa].

Another possibility are operations between a close eaNh orbit and synchronous orbit

as illuslra/cd in the ncxl figtue (Figure 2). In lhese activities, tot example, a continuous
broadcast satellite could be installed, checked-out or, al a later time, maintained. The ser-

vice crews could lhen return to the space slatioll ill low-orbit. Or, as shown in the licit [L]g_
ure (Figure 3), a spacecraft, fitted for lunar operations, could take on fuel and olh(,r
supplies from the low-earth orbiting space station.

The p(wli)rman(c <>1a l,unar Module as an ('xample of a transfer vehicle c<)uld shiti

about ,2o,0f)0 pounds from a 100 naulical mile orbit 1o a 300 nautical mile orbi[ and

return to the space sta/i<m. 1[ we use a nuclear powered stage we could transti, w 38,000

poun<ls of payload to synchronous orbit and return, or a payload of 45,000 pounds 1o
lunar orbit and relurn (Figure 4).

Essential to the continu<ms operation of the space station will be tile capability to

resupply expendables as well :is to change and/or augment crews and laboratory eqMp-

merit. A basic consideration is the relationship belween the original cost of the space sta-
tion and the costs accumulated 1)y resupply supporl operalions. ()ur [5] studies show that

using today's hardware, the resupply tot a single three-man orbilal space station tot a year

equals the original cost of the space station. This type of cosl analysis has led us to care-
tully evaluate concepts lot more efficient resupply systems

Manutacluring in space, tuel and supply storage tor deep space operations, lit_," sup-
port for crews on board space stations, require nol lolls, but thousands of tons of lnaleri-
al, t<) t)e shuttled in and out of space.

Therefore, there is a real requirement for an ctt]cient earth to orbit transporlatioll

s,'stelll--all eCOllOlllica] space shttltle. This need has been under study by long range aero-

space planners Ibr over a decade. Tim objective of these investigations is m lind a design
thai will yield an order of lllagDittlde reduction in operating costs. The elenlents t() which

we must look for (()st reductions are aircraft manufacturing techniques, aircraft develop-

lllelll lest procedures, maximum flexibility fi)r multiple use and volume production, l(mg
lit_- components for repetitive reuse, and airline maintenance and handling procedures
l_)l" e('OllOlllV of operation.

The desirable operating characteristics of a space shuule which would salist;< the

needs which have been described are listed on this chart (Figure 5). The shttule Meallv

would t)e able Io opcrate in a mode similar to that of large c<>mmercial air tl+allsporls alld
t)e colnpalit)h, with the ellvirolnllt, lll ot +lllaj__r airpt)rts.
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[6] It would take off" vertically, as shown in this concept (Figure 6), from a small pad at an

airbase or major airport.
Crews similar in size to those required for intercontinental jet dispatch would service

tile craft for launch.

The space shuttle, upon its return from orbit, would reenter the atmosphere and

glide to a runway landing, with practically no noise. The landing would be completely
automated with prime dependence upon the spacecraft guidance system but with ground

control l>ackup.
Cryogenic tank trucks containing liquid oxygen and liquid hydrogen would relhel the

craft on its pad. Seven years of accident-free experience in handling c_'ogenic filels have
advanced this technology to practical safety. These non-toxic filels are 10 times more pow-

ertid than gasoline and have delnonstrated their efficiency.
Tile cockpit of the space shuttle would be similar to that of tile large intercontinental

jet aircraft, containing all instrumentation essential to complete on-board checkout, as
shown in this illustration (Figure 7).

Programmable automatic equipment would perform the systems and suhsystems tests
necessary tbr take-off and flight support. Malfunction detection would be automatic.

I assume that continental and intercontinental air traffic control centers will have

been established so that the space shuttle could take its place in the air tratfic and space

traffic patterns under these controls.
[7] Interestingly enough, the hasic design descrihed above [tor] an economical space

shttttle from earth to orhit could also be applied to terrestrial point-to-point transport.

If the space shuttle were used as a global transport tor point-to-point traffic in military+
commercial or cargo service, its safety and comfort standards could he comparable to

those of large transport jets.
The economics of the space shuttle mnst be evahmted in comparison with today's

means of accomplishing similar missions.
Until now it has heen essential to optimize space transportation systems on the hasis

of performance. Only a decade ago, technology was pushed to its limits in order to bare-
Iv achieve orbital flight. Our first Vanguards and Explorers cost in the order of $1,000,000

per pound of payload to fly into space. The next chart (Figure 8) illustrates the economy
achieved by the Saturn V, which delivers payload at a cost roughly 3 orders of magnitude

less than Explorer I. Extrapolating, we could reasonahly expect a cost reduction of at least

another order of magnitude, given the will to accomplish it, with present techniques.

If, however, the development of a space shuttle such as I have described were imple-

mented, it seems that a reduction in cost by two orders of magnitude is achievable.

[8] Any signilicant technological hreakthr(mgh in such areas as propulsion and structures

would accelerate this process.
The use of a space shuttle tor point-to-point gh)hal transportation would depend

upon its cost equivalence to the then operational supersonic or hypersonic equipment in
cOlnlnercia[ use.

Current aerospace contractor studiesshow that,ifthe cost of rocket engine replace-

merit parts can he rectuced to the current level of those of jet engines, the total ot)erating

cost of a space shuttle flying a nominal route (New York to Tokyo or 5,850 nautical miles)
would be 10.6 cents per passenger nautical mile. Comparison cost rates and times for

cruise aircraft and space shuttle are shown in the next tahle (Figure 9). Although more

than supersonic transport, it is less than hypersonic transl)ort even now.
Turning now to tile basic elelllents on which such a cost reduction depends l 1)elieve

that a pattern exists in aviation practice for decreasing both development and operating

costs of space vehicles. Reliability and hardware maturity are achieved in aircr'ati tlight

testing hy incrementally expanding the test regime until the full operational envelope is
covered, with full recovelw of the article tor malysis and correction of deticiences [sic]

after each tlight.
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The next chart (Figure 10) displays tile contrasting patterns of man hours required
lot checkout tot deliver T [9] of spacecraft as against aircraft, as a timction of numbers of
vehicles.

A second important factor is the ('()st savings resuhing from repetitive use of the same

equipment, ttowever, since some components of a space vehicle cost considerably inore

than others, cost effectiveness evaluations were applied to the various systems and ele-
Inents of a space shuttle, along with their relation to recovel_,, costs.

The next figure (Figure 11) shows that electronics, engines, power supply, environ-
mental control system and airframe costs exceed the cost per unit volume criterion fi)r

recovery based on our present experience. Therefore, the sub-systems which cart be con-

sidered for disposal are the adapter-s and the large tanks for propellants.

This analysis leads to a promising design, the "Drop Tank" configuration shown in the

next illustration (Figure 12). h consists of a core vehicle which contains all of the required
flmctional elements for boost and subsequent reentry plus ext¢rnal propellant tanks. The

core vehicle is designed for verlical take-off and horizontal landing, and contains all of the

high cost equipment including the high chamber-pressure h)x/hvdrogen engines.

Attached to tire sides of the core are large inexpensively manufactured expendable

propellant tanks which carry the m_jor part of the fuel required fi)r boost. When the pro-
pellant in the external tanks is (tepleted, the tanks are3ettisoned. The [10] renminder of

the boost velocity increment re<ltfired to attain orbital velocity, orbital maneuvers and ret-
rograde is SUl)plied from propellanl tanks located inside the core vehicle.

This concept for a space shuttle, extrapolated from a nund)er ot proposals, is tech-
nologically within the present state of the art.

One problem is, of course, the germination period of from 7 to 15 years tot new

designs. Jet power, available in 1946, came in to commercial use on the Boeing 707 in

1958. Driving against traditional time lags, the Saturn V svstenl has been developed and
used within 9 years of its conception.

It is reasonal)le to concltlde, then, that a space shuttle development program, initial-
ed now, cotdd not be brought to fluition betore the end of the 1970's ....

[ 16] No really meaningful estimate of the number of space shtntle vehicles which will be

required can be given al this lime, fiw tha! number is a fimction, not onl,¢ of the [ 17] var-
ious missions whi(h the space shuttle will be called upon [to] perform, t)ttt it is also a func-

tion of the existence of the machine itselt: It is interesting to note that in 1954, Business

Week, [an] authoritative U.S. magazine, slated that 50 large comptlters would be required

I)y U.S. indttstry "in the toreseeable fnttlre." Today over 100,000 are in service, all larger
and more complex than the original.

In 1945, the then President of one of the world's leading airlines said that he thought

3{) large aircraft (D.C.4. vintage) would cart?, all traffic he could anticipate across the

North Atlantic. In the first ti'w years of its existence, not)ody needed the telephone. So we

see that the space shuttle, by its very existence, may generate the traffit it requires to make
it economical.

Arthru" Clarke, in THE PROMISE OF SPACE, wrote that " . . the exploitation of the

foreseeable techniques to their limit could restth ira truly commercial space transpor!
t)eing it) sight by the end of this centtu-v."

The space shuttle is an<)lher step" loward our destiny, another hand-hold (m (>nr

fnlure. We will go where we choose--oil our earth--lhr()nghout ()ur solar system and

through our galaxy--even(ha ly to live on ()liter worlds of our universe. Man will never bc
satisfied with less than that.
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Document 11-4

Document tide: NASA, Space Shuttle Task Group Report, "Volume II, Desired System

Characteristics," revised, June 12, 1969.

Source: Space Policy Institute, George Washington University, Washington, D.C.

A._ NASA began to investigate the desirability' and jeasibility of developing a reusable space tran._-

portation system as part o/ its post-Apollo acti_Jities, the ageno_ cwated an internal task Jorce to exam-

ine the Shitttle concept prim to requesting industry studies. This task Jbrce was chaired by Leroy F.

l)a_,. Its work represented the fi_:_t comprehensive NASA examination o]a Space Shutth'. There were

fivi' volumes in the task group study. In Volume 11, an initml listing of the desired characteristics and

capabilities o]a Space Shuttle were ide,tified; only the summary section appem_ here.

NASA SPACE SHUTTLE

TASK GROUP REPORT

Volume II

Desired Systems Characteristics

Prepared by:
NASA SPACE SHUTTLE TASK GROUP

JUNE 12, 1969

(REVISED)

RESTRICTED TO (;O'_T_RNMENT A(;EN(N t!SE ONI,Y

[no pagination] I. SUMMARY

A. Discussion

The purpose of this volunle is I{} desribe [sic] the basic {}perational concepts and

desirable systems characteristics required {}f a space sht, ttle vehicle designed for ec(mom-

ic and ful_ctionallv efficient fulfillmenl o1 NASA missions. Total system economics are

achievable through the application of operational and systenl design concepts currently

used in air cargo carrM and conmlercia[ airlines. A tolal listing of the desired syslem char-

acleristics may I}e found ill Part B of this section. (,round rules appear in Seclion II and

vehicle basic design prt,cepts are listed below in Section III General.

The desil-ablt' svslem characteristics relaled to missi{m [unctiotls appear in Sec}:i{m IV

thvu VIII which {'ol_sist of pre-tlight, launch, {m-orbit, return and post tlighl phast's.

Pre-Flight Phase_
l,arge polenlial cost reduclions can be realized by abandoning presenl day approach-

es to launch sile vehicle integration, vehicle to payload integration and complete vehicle

preflight checkout. An ont}oard vehicle checkout, systenl test+ and [unctional analysis sys-

teln eliminates cxtensive and ct}stlv ground based equipment. T{} minimize cost even fur-

ther, an intcgrated latm{h, h}ading, and refurbishment facility should t}e provided to serve

h}gislics and sevvicing [until{ms. Crew and passenger safely dictates that the ready-it}-

launch vchiclc include pr{lvisions l{} sat> the vehicle and perform quick egress. Cosl sav-

ings will nol bc inq)ltqne[llt'd a! 1he expense of rt-duced {yew and t}assc,tger safety. Nl_!jor
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emphasis is placed npon design concepts that return tile entire function after li|'tott: Tile

vehicle will have design conservatism and all major system redundancies such that single
point faihnes having potential abor! implications are minimized. Simplified vehicle

ground handling, payload integration, propellant loading and launch pad erection pro-
cedures are desirable to provide system t]exibility.

Launch Phase

The t]ight crew and onboard systems should have tile capability of peril)truing all

tasks dttring launch. The vehicle should be capable of an all azimuth capability. The velfi-
cle should be designed m lift offwithin a 6() sec. launch window.

On-Orbit Phase

The onboard autonomous checkotlt provisions needed for pre-flight lends itself to

mission period onboard decision making and will preclude extensive ground based sup-
port in the form of real time telemetry and tracking, Present day capabilit _s have already

proven the feasibili_, of conducting guidance and navigation functions onboard tbr the

entire mission. System ¢)peration is to be implemented such that a two-man crew can read-

ily perform all the task|s| associated with launch, orbital tlight, rendezvous, docking, reen-

try and landing. It is necessary thai one man operation be feasible where passenger satetv
so dictates. '

Crew and passenger safe D, requires a "returll to base" mission termination capability
for all flight phases starting at lift-oil'. Major emphasis is placed upon vehicle design con-

cepts which provide crew and passenger salk, r{'ttll+ll. The vehicle will have design conser-
vatism and system redundancies to eliminate hfilures having potential mission abort
implications.

A shirtsleeve environment is desired and this characteristic applies to all mission phas-
es including passenger transter.

Cargo transfer should be automated as much as possible and require little if any EVA
(]argo handling provisions should be located on tile space station.

Docking procedures should be simplified by automatic ouboard approach and dock-

ing systems ending with a "hard" docked configuration. The vehicle should be capable of
rendezvotts and docking with passive satellites.

The cargo delive D, phase will include a variety of cargos [sic] and cargo/passenger
mixes fi)r a variety of missions that have been stiplflated. In addition, consideration must

be given to special purpose cargo modules to support scientific and commercial satellite

placement, maintenance, servicing, retrieval and return. Replacement equipment, liquid

propellants, and other expendables have to be handled appropriately and these provisions

mnst be available without moditication to the basic vehicle. Inherent cargo adaptability a ld
t]exibility are essential for a low cost system that is to be usethl for the forecast missions.

Return Phase

COllSistellt wilh the alltonolllOllS philosophy the vehicle should be sell Stlstainhlg [i)l
the eulirc (7-day) mission period and capable ¢ifall onboard checkout prior to a return.

A once per day return to a landing site selected betore deorbit is deemed adequate,
and should assist in reducing weather problems developing at the landing tield atier the
deorbit lllallellver.

The vehicle design will be commensurate with a reentry cross range of 250 nautical
miles to 400 nautical miles. Additional range capability woul'd provide mission tlexit)ilitv.

I iorizomal landings normally will be made at standard jet airtields and should requiJe

runways of approxilnatcly lO,O00 feet. In view of the return to base mission abort concept,
thrust augmentation dtn'ing hmding approach and a resuhing capability to "go around"

will be provided. If an ahcrnate site is used for landing, the ability to 'ferry the shuttle
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vehicle back to the prima W base for maintenance and prelaunch checkout would be very

desirable.
VehMe landing visibility, handling qualities and landing characteristics should not be

more demanding on the pilot than on operational high performance, commercial land

based aircraft. Day night, all weather and automatic landing capability should be provid-

ed for all re||sable stages.

Post Flight Phase
All reusable stages should have seltZterD ' tlight capability tor transport between air-

ports and on-board provisions to quickly place the vehicle in a safe condition following

landing. Onboard check-out and ease of module replacement slmuld resuh in a design

goal turn around time (from landing to launch) of less than two weeks. All sub-systems
should be designed for minimum maintenance, modular replacement and make maxi-

mum usage of standard aircraft type maintenance.
Additional cost advantages will accrue if troubleshooting repair, replacement, and

refltrt)ishment are considered in the design. There is an obvious need to do extensive

inspection of the shuttle vehicle heat shield elements and basic structure which will be made

less dillieult by proper design provisions. Present developments also indicate a need for easy

engine replacement even though a number of tlights on a single engine are anticipated.

The specitic desired systems characteristics are presente(l in the remaining sections

along with rationale sut)stantiations.

B. l.isting of Desired Characteristics

Ground Rules
1. All criteria and characteristics deal with the vehicle after it reaches operational

status.
2. The vehicle launch site will be located at [the Eastern Test Range].

3. Vehicles should nominally be ot)erated to orbit with a full payload.

General
I. The vehicle should have the tifllowing typical capatfilities:

a. up to 50 000 Ib up/down cargo
b. seven days on-orbit lite
c. 200(I |t/see on-orbit delta velocity tor circularization, transfer, rendezvous,

docking, launch dispersions, de-orbit and contingencies
2. The vehicle conligtu'ation should provide for safe mission termination tot major

malfunctions occurring during the prelaunch preparations and subseqttent to
lift-off. The desired satk" mission termination capabilities should allow tier crew

passenger egress prior to lift-off and for intact abort ti_llowing lift-oH.

3. Vehicle pretlight and intlight checkout systetns sholdd be on-board.
4. Tlw vehMe should have a two man tlight crew alld should be flyable by a singh'

crewlllall.

r). The vehicle tr;}jectory design load t:actors should be 3g to acconunodate passengers.

The vehMe may bc tlown on a 4g trajectory when not carD'ing passengers.
6. The launch site, the primaD' landing site and the servicing facility should be at

the same general location to minimize costs.
7. The vehicle should be designed for maximum on board atttonomy such that

ground mission operations can be minimized to reduce cost.
8. The vehicle systems should he developed to provide rethmdant [hll mission capa-

bility and sh_uld avoid minimum requirement, minimum pertormance backup

SVSICIIIS COllCepls+
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9. Multiple redundancy system techniques should be adopted lllat minimize or elim-

inate system trans ents caused by system component/aihues.

10. Subsvslems should be designed to fail operational after the thilure of lhe mosl

critical component and fail sale afler the second t:ailurc. Electronic systems
should be designed to Mil operational after failure of tile two most critical com-
ponents and fail safe after the third taihu-e.

1 l. Crew station displays should be designed to eliminate toggle switches and electro-

mechanical gauges and meters, and replace these components with all electronic
displays.

12. Tilt- crew and passenger enviromnenl should be "shirlsleeve."

13. Space-to-ground conununications should be available via [a] satellite communi-
cations systelll.

14. The vehicle comnmnications systctn should pl+ovide for tile two-way seltA'alidating
data transmission.

15. Cargo elements containing hazardous nmtevial should have self-contained pro-
tecfivc devices or provisions.

16. The vehicle and its syslems shall be capable of use for 200 mission (vcles with a

minimum of maintenance. Capabiliw for a large numt)er of missi('m cycles is
desired. ' .

17. Flexibility will alh)w technolo_, growth to be incorporaled ill tile vehicle.

18. Standardized electronic interthcc systems should t)e developed that inlerfi_ce wilh
a standardized redundant nmltiplt_x data bus system

19. For missions other than logistics, E\_4. capai)ilitv should be provided at the
expense of tilt" allocated payload weighl. The design of the vehicle should not
preclude EVA capability.

20. Design of/he deph)ymcmt hatch and delJIoymenl mechanism should be compal-
ible with dimensions of tilt, payload llay.

Pre-Flight Phase

1. Systems sensitivity to weather conditions dming assembly checkout and launch
should be minimized.

2. Systems sensitivity to thtid consumal)les loading should be minimized.

3. (k)ntamination control (clean room) operalions should be minimized.

4. Payload integralion features should include accommodating a variety of pay oad

types which are sell:sustaining. Prelaunch payload integration proce(iurcs similar
I<) ClIITOlII ail-cafg<) CalTief <)perations are desired.

:5. The vehicle should have minimal assembh: and checkout requirements al the
launch site.

I,aunch Phase

I. An allazimuth launch caF,al)iliwisdesired.

2. Reusable boost slages should I)edesigned for manned operations. The vehicle

should be capable of operating in an tmmanned mode by using the capability of
the automatic landing sys era. ' "

3. For relldezvous missions, tile vehicle should be designed to lifloffwithin a 60 sec-
ond branch window.

4. The vehicle should be capable of rendezvous with any low ahimde manned satel-
lile in less than 48 hours.

On-t)rbiI Phase

I. All guidance and navigalion functi(ms shoul(l be pertonned on board. The guid-

ance an(I navigation system should t)e siml)lc to opevaw and shoul(t lIO| resni(l
vehicle altitude.
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2. A three axis translational system and a three axis attitude control system is

required. These systems should be designed to minimum coupling of motions
with an attitude and/or translational thruster inoperative.

3. The vehicle should be equipped vAth an atttomatic approach and docking capability.

4. fhe vehicle should be "hard" docked to the space station/base and docking to

acconmlodate personnel and cargo transtm should nominally be acconlplished in

a single operation.
5. To eliminate interface complications when the vehicles are docked, the vehicle

atmosphere attd total pressure should be the same as the space station/base.

6. Personnel/cargo transfer should nominally be IVA.
7. Limited transfer of cargo should bc possible through the personnel transti'r hatch.

8. Total vehicle self sustaining lifetime should be seven days.

9. Provisions for deployment and retrival [sic] of maximum cylindrical payloads is

desired. Normal operation should not include EVA.
10. The vehicle should be capable of rendezvous, station keeping and docking with a

passive satellite.

Rettlrn

1.

Phase

Opportunity to return should be available at least once per 24 hours to a single

landing site selected prior to lift off. More frequent emergency returns are possi-

ble using alternate sites. Consideration should he given to shorter times for spe-

cific missions.

2. Return guidance and navigation capability should he onboard.
3. The vehicle should have design characteristics (i.e., planform [sic] loading and

trimmable attitude) and reentry flight parameters that will provide low heating

rate profiles necessary for maximuIn utilization of refurbishable thermal protec-

tion materials.
4. "Flit' vehicle should be capable of making nlore than one landing attemlit at the

selected landing site.
5. Landing visibility should be comparahle to high performance aircraft standards.

6. I.anding characteristics and handling qualities should not require skills more

demanding than those required for operational, land-based aircraft.

7. The vehicle should have the capability to land horizontally on runways of approx-

intately 10 000 feet.
8. The vehicle should utilize a landing salecy criteria as a guideline for vehicle

design.
9. An atttomatic landing capability should be l),ovided for zero-zero visibility condi-

lions. A inalnlal landing capahility should be provided. When tile aulonlalic land-

ing system information is not available, tile manual landing cal)ability will be

capat)le of meeting the minimum [Federal Aviation Adnnnistrati<ml certified

fequirenients.

Post-_'hase
1. All reusable stages should be capable of self ferry flights between airports.

2. The vehic|e design should include proper on- board provisions to quickly and eas-

ily place the vehicle in a safe condition following landing.
3. Total vehicle ttlrltalotnid tillle froln landitlg to launch readiness shonld be less

Ihan two weeks. The removal and Iel)lacelnellt time should he minimized with on-

hoard checkout and module accessibility.

4. Subsystems should be designed tot minimum maintenance with modular design

for removal and replacement nlaking maximum use of aircraft practice ....
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Document 11-5

Document title: Charles J. Donlan, Acting Director, Space Shuttle Program, NASA, to
Distribution, "Transmittal of NASA paper 'Space Shuttle Systems Def'mition Evolution,' "
July 11, 1972.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

Between 1969, when NA,%4 began to ,_e74ously ,study Space Shuttle concepts and the selection of a

final Shuttle config,_Lration in March 1972, man_, veryions were examined. 7'his paper provides an
overview o[ the Space Shuttle config_mtion studiels. The bm[Z di._t_butim_ list is omitted here.

TO: l) istribution

July 11 1972

FROM: Mt]/Acting Direcum Space Shuttle Program

SUB.JF.CT: Transmittal of NASA paper "Si)ace Slmttle Systems l)etinition Evolution"

Attached is a paper which d()cuments the evolution of the Space ShtLttle conliguration.

1 believe this evolution to be a remarkable example <)f what is generally meant by the

term "Systems Engineering." 1 hope you will lind this [en ]capsulated history, of the shut-
tie useful to you in discussions of NASA l)rograms.

I)r. Flel('her has sent lhis pal)er to Mr. William Anders, Dr. David and others at lhe

White House, and Mr. Casper [sit:; sh(>uld be "Caspar'] _qnt)erger al OMB.

CharlesJ. I)onlan ...

[11

INTRODUCTION

Space Shuttle

System Definition Evolution

In Ma,ch 1970, President Nixon established six spe(ific objectives for the Nation's

Space Program. One of these ol)jeclives was to reduce substantially the cost of space ot)er-

ations. The reusable Space Slmule was identified as one way of achieving that cost ol)je(-
live while providing a new capability suitable lot a wide railge of scientific, defense an(t

commercial uses. Since that time NASA has conducted exlensive in-depth system engi-

neering studies, technolog D, efforts and econonfic stu<lies to ev<>lve a reusable Space

Shuttle system definition that would provide an optimum new space capat)ili D, wiflfin pro-
.jet:ted I)udget constraints. This lwo year systems detinititm effort culminated (m

Januar.v 5, 1972, when the President an_munc('d his decision to proceed with the devel-

opment of the reusal)le Space Shuttle. The fbllowing chronology summarizes the system
(leliniti(m evohuion of the Spate Shuttle that led to the Presi(tenl's decision.

A large number of system (:onccpts have l)ccn examined in thr searcll fi>r a contigu-

rati<m thai woul<l affi)rd the best rclati<)nship between development costs and operational
(()sis. In a(l(lilion to the technical work, conlpret3el]sive e('(inomie studies have been com-

pleted which scrutinized a sul)staniial nun]l)er of combinalions of traffic models and shut-

tic syslcnls io help delerlnine Ihe pr(_l)cr c()mpron]isc t)etwecn lhc recurring operalional
costs au(t the n(m-recurring (level(_pincn/(:()sis. Figurr M t[ 71-7518B shows lh(! evohllion
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to tile present solid rocket booster with an external tank orbiter and some of the other

configurations studied.

[2] REUSABLE FI_,_ACK S_'STEMS

The initial studies[,] begun in 1969-70, addressed a fully reusal)le shuttle system

which emphasized minimum refurbishment, atttonomous on-board checkout, minimum
turtlaround time, and had the lowest operational cost of any system studied. The opera-

tionat cost, about $4.1M per flight, is about the same as for the Thor Delta launch vehi-

cle-the most widely used launch vehicle in the United States. The development costs of

the thllv reusable system, however, approach $10B and reflect the extensive research and

development activity associated with developing two large piloted vehicles that possess
both the features of a rocket launch vehicle and a hypersonic aircraft.

Further studies yielded a system with a smaller more efficient orbiter by the use of

expendable hydrogen tanks, r_tther than propellant tanks located in the orbiter. The
bot.)sler staging velocity was lowered front 11,000 feet per second for the fltlly reusahle sys-

tem to 7,0(}[) feet per second. This allowed use of a heat sink booster so that the develop-
menl costs were lowered to $8.1B. The expen<table tankage, of cotnse, meant somewhat

higher operational costs of $4.5M per flight. The high risk and high peak annual funding
associated with deveh)ping two piloted vehicles still existed and stt,dies for lower cost sys-

lenls continued.
Eventually, by removing both the liquid oxygen and liquid hydrogen from within the

orb|tin; NAS,_ was able to devise a much smaller, lower cost orbiter with a sitigle expend-

able combined propellant tank. The size of the orbiter and its development costs were dra-

matically reduced while retaining equal performance capability hy utilizing this

expendable tank fi_r both liquid propellants. The selected orbiter is a delta wing aircraft

powered by high pressure hydrogen-oxygen engines.
[3] Time phasing some of the orbiter subsystems received considerable study eltort. This
was known as the Mark I/Mark II shuttle system. The Mark I orbiter was to nse available

ablative thermal protection, aJ-2S engine developed as an extension of the existing Saturn

.]-2 engine, and other stale-of-the-art components such as existing avionics, hnproved sub-
svslelns sttch as thllv reusahle thermal protection and the new high pressure engine would

I_e phased into late'r orbiters to achieve the operational system (Mark II). This time phas-

ing reduced expenditures early in the development cycle but the Mark I system had

reduced payload and crossrange capability as well as an increased turnaround time of one

nlonlh. This represented a severe loss in operational capability. Furthermore, the total

development costs to achieve the full Mark 1I system actually increased.
Additional studies indicated that further reductions in orhitcr development costs

could only be achieved at the expense of compromising the objectives of providing the

required ilexible orbital capability at low operational costs. The possibility of reducing
lotal svstems costs through reducing the size of the payload bay in the orbiter from 4.6 x

18 meters (15 x 60 feet) to 4.3 x 14 meters (14 x 45 feet) and reducing tile payload capa-

hitv [sic] for a due east launch from 29,500 kilograms (65,000 pounds) to 20,400 kilo-

gr;mls (45,000 pounds) was considered. The additional cost savings were estimated to he
only about $70 million in the development program. Furthermore, the orbiter with the

smalh'r payload compartment was unable to accomlnodate about 10 percent of the pro-

jected civil missions and about 37 percent of the prt!jected m lita_' missions for a typical
mission model for the period 1979-1990. Theretore, the smaller shuttle wonld have

require(t vetenti(m of large exl)endable boosters in the U.S. launch vehicle inventory to
h,tndle the larger payloa(Is[,] thus incurritlg higher costs than were achievable with the

b,tse-line shuttle system.
[41 The Mark l/Mark II Concept which was studied would have used Saturn F-I engines
but nevertheless would have been a costly and relatively high risk undertaking since again,
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twomannedreturnablevehicleswererequiredtobedeveloped.Itsdevelopmentcostis
estimatedatbetween$6Band$7Bwithacostpertlightof approximately$7M.Inafilr-
therattempttoreducethedevelopmentcost,studieswereinitiatedtoexamineashuttle
confignrationntilizinganunmannedballisticbooster.

EVOI,UTION TO THE CURRENT SHUTTI,E CONFIGURATION

The introdnction of the external tank orbiter had a lnajor impact on the booster ele-

ment of the shuttle system. Since the orbiter became much more efficient, it became pos-

sible to let it take even more of the burden of propelling the shuttle into orbit. Staging
could therefore occur at about 5,000 feet per second. An important advantage from the

use of the external tank orbiter was the opportunity to utilize ballistic liquid boosters or

solid rocket motor boosters that are efficient at ttle lower staging velocities. Their use
promised the greatest reduction in development costs.

The ballistic unmanned boosters studied included both pressure-fed and pump-fed liq-
uid propellant boosters and solid propellant boosters. Tile two liquids compared as follows:

• In the pressure-fed system the engine would have been a major new develop-

ment. In the punlp-fed system, it would have been a modified F-I engine (the
engines used in the Saturn V booster).

• New manufi_cturing techniques would be required for the pressure-fled booster;

conventional techniques developed for Saturn would be used tor the pump-fed.
[5] • IVlajor modification of facilities would be required for the pressure-f_d booster; to

a large extent, existing facilities could be used for the pmnp-fed booster with
minor modifications.

• The stiff; thick walls of the pressure-f;ed booster could withstand a moderately
high impact velocity, and flues it lent itself to booster recover-,,,. Recovery of the

thin-walled pump-fed booster appeared to be of much higher _'isk.

It was con<luded that the ptunp-[_,d system had cost advantages and lower technical

risk in all aspects except ill<" recove D, risk, which appeared large. Of the two liquids, the

pump-led concept was deemed more advantageous in spite of the need to develop com-
plex recove D, systems

Having examined the liquid booster class, a comparison was then made against solid

rocket motor configuration. (]onventional expendable pump-fed systems currently exist

in the series burn configuration where the orbiter engines are ignited after ])oostel- shut-

down and separation. [lowevel; a parallel burn configuration where hooster and orbiter

engines are both ignited at lift-off" takes maxilnum advantage of the high performance
orbiter engines. This parallel burn configuration is particularly attractive for the solids

where it is desirable to stage at a low wqocity and to minimize the size of solids for opera-
tional cost reasons. The pulnp-fed liquid booster in the series configuration was therelore
compared with the parallel burn solid rocket nlotor booster.

l)ue to the high cos/for each pump-ti.d booster, recover T refurhishnwnt and reusabil-

it}' are essential[,] while for the [solid rocket motor] this is not so critical. Essentially, the

net cost of losing a liquid [6] booster would be much greater than losing a solid, je¢)par-
dizing tilt, ability of the shuttle It) attain the low costs of recurrent operations. IEa addition,

providing recovery would entail major developnlental risks for the liquid bu! would be
simpler fiw the solids.

l)evelopnmnt costs of the solid booster are estimated to be about $700 million lower

than _hose of the liquid booster. Environmental efti'cts for both liquid and solid systems

were about Ill<. same with one exception--propellants and their exhaust products. The

liquid booster would Else RE a kerosene-like lockel propellanl, and liquid oxygen, and its
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exhaust products would be chiefly carbon monoxide, water vapor, and carbon dioxide,

along with smaller quantities of hydrocarbons and ammonia. The chief emissions from
lhe solid rocket motors are hydrogen chloride, carbon monoxide, water vapor, and aht-

lllillllnl oxide.

h was finally dekxmined that, of the tmmamwd ballistic boosters, the solid booster

recoverable svstt'm with parallel orhiter burn would give the lowest development cosl

($5.15B), least capital risk per tlight, and lowest technical risk of developmenl. In addition,
economic sludies have shown thai Ihis sysleln will provide the highest rate of return on

investment. Environmental e|t>cls would be minor, although it would be necessa D' to impose

additional but acceptable constraints on launch associated with the likelihood of rain.

SU M MARY

l, reliminal T design studies of tile initial tw(_-stage fully reusable concept showed lhat lhe

size of the system and its development cost could be greatly reduced through the use of an

external expendable liquid-hydrogen tank tor the orbiter, [7] witl_ a small incre:tse in operat-

ing costs per launch. Furlher study showed that additional cost saving_ and technical advan-

tages in the development program _,ould accrue if both the liquid-oxygen and liquid-hydrogen
for the orbiter were carried in an external tank.jettisoned fi-om orbit. This change permiued

tile orbiter vehicle m be significantly smaller and more efficienl[,] thereby simpli_ing tile

booster development and reducing substantially the development and proctn'ement costs al

Ihe expense of some additional increase in the recurring cost per flight. Consideration of all
tacml.-s led to the seleclion of the solid rocket motor hoostel, pandlel bllln systelll |__)rI]le Space

Shultle. All configuration companttive issues have been studied in great derail t)oth in and olll-

side of NASA, Io evolve finis most costwltective space lransportation system.

|no page number l

_Space Shuttle[ Space Shuttle Comparison

_,_,' :.,,_ -

Fully Reusable External LH2 Tanks

,_£;>':J .(

Series Parallel Parallel Solid
F-1 Flyback Liquid Liquid Rocket Motor
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Document 11-6

Document title: Maxime A. Faget and Milton A. Silveira, NASA Manned Spacecraft
Center, "Fundamental Design Considerations for an Earth-Surface-to-Orbit Shuttle," pre-
sented at the XXIst International Congress of the International Astronautical Federation,
Constance, German Federal Republic, October 4-10, 1970.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

In 1970, Maxime I"affet was the head o] enL6ueering at NASA_ Manned Spacecraft Center, and

Milton Sihmira was one oJhis associates. I"aget had played a k_' role in the desiLm of the MereuD',
Gemini, and Apollo spaceerqfl. His coneeDt flrr a two-._tage./ully reusable Space Shuttle was the NASA

baseline fi_r the progwlm 'until the combination _)f lhpartment _?[l)e/knse requirements.fi_r cross-range

capability, and IITtite House budget constraints [orced NA,%_I to investigate alternative Shuttle con-

[_t,nttntions. ,\)lie that on 6 the fir_t five Of the ._eventeen fiLmres appear here.

[1] Fundamental Design Considerations for an
Earth-Surface-to-Orbit Shuttle

By Maxime A. Faget and Mihon A. Silveira

NASA Manned Spacecraft Center
Houston, Texas 77058

The design of a reusable earth-surface-to-orbit shuttle is receiving an evelqncreasing

amount of study. A complete discussion of only the most significant design considerations
would be more than sufficient to occupy the entire time available at this conference.

Theretore, I plan only to discuss those aspecLs that should greatly affect the cost or per-
[brmance of the vehicle and to limit tiffs discussion to fundamentals and hasic trade-offs.

Although this approach may not he very rewarding to those who are already deeply

inw)lved in the shultle l)rogram, I believe it may provide others with some understanding
of the more interesting design considerations.

Ahhough single-stage and stage-and-a-half arrangements are also being studied, the

most promising configuration appears to be a fltlly reusable vehicle w4th p,_,o stages--a boost-

er and an ort)iter. Such a vehicle not only has the advantage of complete reusability, bu!

would also pertorm quite well. Several arrangements flint may be used to join the two slates
during launch are shown in figure 1..Mthough the tandem'arrangement is the most con-

ventional, it is undesirable because the intez_tage structure mttst be jettisoned. More impof
[anlly, the tandem [2] arrangement sulfers a penalty in structural weight to counteract the

ellk'c! of increase<l hending moments between stages. In the other two arrangements, "belly

to 1)elly" and "back to back," the weights are approximately the same. The choice betweel_

these Ix,v() syslerllS depeIlds |lpon factors such as aerodynamics, control, detailed mechanical-

interface design, and separalion dynamics (including orbiter-plume effects).

During a mission, both stages will undergo three distinct t]ight phases that will signit:

icantly affecl their design. These t]ight phases are launch, entrT, and landing, l)uring

launch, the vehicle is the most heavily loaded and undergoes the greatest dynamic pres-

sure and noise levels, l)uring entlT, the heating rates and total heat load are the primary

considerations; while, during the landing phase, good subsonic tlying characteristics art_
the most important considerations. The task of the designer is to deline a vehicle that can

suitably accommodate these flighl phases and that will at the same time be of reasonat)h +
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size and cost. That this is no simple task is illustrated in tigure 2, which shows a typical dis-

lribution between inert weight and propellant weight for tile booster and orbiter. The

gross weight of the booster is approximately five times that of the orbiter. The payh)ad is

also shown to be a ve_' small portion of the orbiter weight. In fact, for most designs, the

payload usually varies between 0.5 and 1 percent of the gross lift-off weight.
A better understanding of weight apportionment may be obtained fronl figure 3,

which shows a breakdown of the inert weight for a typical [3] booster and orbiter. It can

readily be seen that the heaviest items are the structure, the propellant tanks, the thermal-

protection system, the cruise-capability and the propulsion system. Thus, significant

improvelnenls in performance must be obtained by h)wering the weight of one or more
of these major weight items. For instance, tile propulsion-system weight might be reduced

by using lighter weight engines or by reducing the requirements for gimhal actuation. A

major reduction in weight could be ohtained by completely eliminating the gimbals. In

this case, steering might be accomplished by differentially fllrottling opposing engines

and by taking advantage of tile aerodynamic control surfaces.
The requirement for cruise capability of the orbiter could be eliminated c()mpletely if

its subsonic tlying characteristics were adequale for an unpowered landing. Numerous

tlight tests, including some witll aircraft of tile same landing weight as the orb|tin, haw_
been conducted using this technique at the N_&SA Flight Research Center. These tests indi-

cate that tl_is technique should be completely acceptable. In the case of the booslel; sub-

stantial savings in the cruise-fuel weight can be achieved if landings are made down range.
A basic consideration in the structnral design of both tile booster and the orbiter is

the h)ad-carrying ability of the propellant tanks. Historically, launch-vehicle tanks have

been used to carry the acceleration and bending h)ads. In thct, it is quite clear that the

inert weight would [41 otherwise have been substantially greater. It shouhl not be surpris-

ing, dwrefi)re, to find that the lank structure can be advantageously used t() can T loads

during emrv and landing maneuvers as well as during launch. The direct application of

the tank structure to primaD' fuselage h)ads in the booster is shown ill ligure 4.

The payload comt)artn_ent on the orbiter Becomes a major consideration in tile
arrangemem of tanks. Three of tile most straightfin3xard arrangements Ihal might 1)e con-

sidered are shown in figure 5. If the payload is of sufficiently low tineness ratio, il can he

located immediately ahead of the propellant tanks, which would be arranged in a con-

ventional tandem manner. This arrangement would not only result ill nla×imtHll volu-

metric eft]ciency in |uselage packaging but also ill benefits flom the ideal use of the lank

walls fl)r carrying [hselage h)ads. This arrangement is best suited for low-fineness-ratio pay-

h)ad compartments fi)r which many potential payh)ads are too h)ng. This arrangement

also 1)rings alton! a vet)' large variation in (enter of lnass with payload weight, which ham-

pers aerodynamic balance.
For vel T long payloads, a high fineness-ralio payhlad comparmwnt can I)e h)caled

above a twin-lobe tank. With this arrangement, the payh)ad can be carried directly above

the vehicle center of mass, and any special aerodynamic balance considerations can there-

by be avoided. The shortcomings of this arrangement would be the large (-ross-seclional

aiea and skin area of the fuselage brought al)onl hv any attempt to acc()mmodate large-

diameter payh)ads.
[5] A third arrangement that is well suited to intermediate-fineness-ratio payh)ad com-

partments is also shown in figtne 5. In this arrangement, the liquid oxygen is carried in
two tanks directly under the payh)ad and lhe hydrogen is carried in a singh' tank al tilt'

rear. Tile vehicle center of mass would vary slightly with payload weight. In this case, i! is

not clear whether there would be an adwmtage in using 1lie liquid-oxygen tanks as a load

path. During the launch phase, the liquid oxygen in these tanks accounts fi)r 60 percent
of the weight of tile orbiter. Therefore, the heas T struclural paths Ihal must be provided

to support the tanks mighl also contribule 1o the transmission of olher loads, such as

fuselage bending.
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Tilethermal-protectionsystemaccountsforallappreciableportionoftheweightof
theboosterandorbiter.It isalsousuallythemostexpensivepartofthespacecraftstruc-
turetobuild.Onewaytoreducetherequirenlentsforthethermal-protection system is to

reduce the thermal load. This reduction can be accomplished bv using a lower lift-to-drag

ratio (L/I)) for the ento, trajectory. As shown in figure 6, the lotal heat load is significantly

lower for a trajectol'y s_fth an I,/D of 0.5. The I,/D of 0.5 provides sufficient cross range
for the majority of tim missions yet does not exceed acceptable passenger and crew decel-
eration load factors.

An L/D of 0.5 can be obtained by entering the am_osphere at an angle of attack near
60 °. At this angle of attack, the tlight ()f the vehicle is governed bv essentially tim same con-

sideration as are semi-ballistic [6] enu T vehicles such as the ?_pollo command module.

This concept is illustrated in figure 7. The vehicle is not only easy to stabilize in this atti-

tude, but it is easily controlled using reaction control.jets, as has been done in the past.

Computer-driven flight simulations using wind-runnel-derived aerodynamic-stability coef

ficients have shown that such entries are well within the reaction co(reo] system capabili-
ty and, in fact, require very little propellant.

A benefit almost equal to the thermal advantage of this type of ent W lies in the tac!
lhat the vehicle need only be designed to fly subsonicallv. Thus, the cost of nunlerous

hours of wind-runnel testing and various aerodynamic anc] stability augmentation system

"fixes" can be avoided because vehicles of the t)'])e shown remain stable in the high-_'mgle-

of attack attilude through enn y and descent over the entire speed range down to low sub-
sonic speeds.

Once subsonic speeds and a sufficienllv low ahilude fi)r conventional flight have been

achieved, a transitional maneuver IIIIISl t)e'made. This maneuver wol,ht be accomplished

by depressing tim elevator, diving until sufficienl aerodynamic pressure is obtained, and

then pulling out of the dive. A computer simulation ofsuch a maneuver is shown in fig-
ure 8. In addition to cotnputer confirmalion, the feasibility of this maneuver has I)een

proven in tests using a 0. l-scale radio-controlled motlel dropped fiom a helicopter. To

oblain the mosl effective subsonic aerodynamic vehicle after transition, a straight-wing

contigura/ion has a considerable [ 7] advantage ow'r a deha-wing configuration, as shown

in figure 9. No! only will lhe straight-wing w'hicle produce a higher I./D, but it will also

prodttce a higher lift coelticient. Furthermore, the lift for a straighl-wing vehicle can be

increased by the use of flaps. On the other hand, the straight-wing vehicle must be

equil)l)ed with a tail to provide trim and control moments. However, fin the type of vehi-
cle shown, a (teha wing would have lo have approximately tour times as much area as a

smfigh! wing 1o achieve the same lan(ting speed as velficles'of compa,al)le size and weight.

The l,/l) operating range during approach and landing for typical space shuttles using

straight an(t deha wings is shown in figure 10. h shoul(t be noted that. during the termi-

nal phase of the landing when the lift coefficient is increase(i as velocity is decreased, the

(leha-wing vehicle would experience a decreasing L/D--a highly undesirable flight char-
acteristic, if tmpowered vehicles are to be seriously considered.

Although both the orbiter and hoosier would undergo aerodynamic heating during

entry, the f)rimal7 concern is the thermal environment of the orl_iter. The heating rates

l)redicted toe one orbiter design are illustrated in figure 11, which shows the heating-rale

histo W for the stagnation poin! of a refi'rence sl)here of a radius of 30.48 centimeters
( 1 foot). It should be noted thai the healing rate is reasonably low and that duration of

the significant portion of the heat pulse is slightly longer than'10 minutes. The equilibri-

tm>teml)eralure distribution on the lower surface of the orbiter at the time of peak heal-
ing rate is shown on figure 12. [8] The lemperatures shown are those that would be

obtained if tim heat were being reradiated from a skin with an emissivity value of 0.85.

Although an entl T strate_, can be adopted that will minimize the'heating rate and

load, the cost and weight of the thermal-protection system will still be m_jor
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considerations in the program. There are several ways to design tor hot surtaces. The use

of hot structure may be feasible for certain places; however, if the temperature exceeds the

working range of titanium, the structure may become quite hea W. Thus, it would be

advantageous to look for ways of insulating the structure from the hot skin. The method

given the most attention to date is the use of shingles made of an appropriate ret_actory
material. In such a scheme, insulation and structural standofts would be required to sup-

port the hot skin as shown in figure 13.
A scheme that shows promise of reducing both weight and cost is the use of external

insulation. In the simplest application, this insulation would be bonded in sufficient thick-
hess to a "cold" structural skin. This material, of relatively recent development, exhibits

the capability of withstanding repeated temperature cycling up to 1400 ° C (2500 ° F).

Coatings to prevent material abrasion and water absorption have also been tested on two
different external-insulation materials. Samples of the materials were fastened under the

fuselage of a transport airplane behind the nose wheel; these materials showed no adverse
etlects from mnnerous landings and other flight conditions. The application of [9] exter-

nal insulation is shown schematically in figure 14.

Perhaps one of the best methods for dealing with entry heating in certain areas is the

use of replaceable ablative panels. Regions such as wing and tail leading edges (tig. 14),

which would require expensive and complex treatinent, can be protected quite easily with
ablators.

Although the booster will encounter a far less severe thermal enviroinnent during
eutrv than the orbiter, its thermal-protection system may represent a significant portion ot +

the program cost, because extensive surface areas will be exposed to entry' heating. It may

be possible to avoid much of the thermal-protection-system cost by relying on the heat

capacity of the skin as a thermal sink. The heating histories of the upper and lower sur-

laces of a pig_'-back booster filselage are shown in tigure 15. During launch, the upper
surface receives higher heating rates as a result of orbiter interference with the tlow in this

region. During entry, however, the lower surface receives appreciably higher heating. The

required ahuninum-skin thicknesses for structural loads and thermal capacity about the
filselage cross section are indicated in figure 16. The maximum temperature of the skin
is limited to 300 ° F to avoid changing the material properties. In the diagrams on the left-

hand side of figure 16, the flat-bottomed titselage cross section is left unmodified. It can

be seen that the exposed skin of the aluminum tank is more than sulticiently thick to

absorb the tlight heat load without modification. This skin thickness of the tairing on the
lower surface is determined by the thermal load, however. [ 10] In this case, the booster

was fotmd to weigh approximately 6800 kilograms (15,000 pounds) more than one with a

thin refractm T metal skin and under-surface insulation. However, if the aerodynamic fair-

ing were removed, leaving the tank skin exposed around the entire section, as shown in

the right-hand side of figure 16, the weight would be approximately the same a+swith the

high-temperature skin. In this case, the lower-temperature skin must he made consider-

ably thicket than uecessa_ tot structural loads. Ahhough no weight advantage would
result, a considerable cost savings might he realized as a result of design and manufactur-

ing simplification. In a similar manner, both aluminum att(l magnesium wings and tails

using load-carry'tug skins might greatly reduce the cost with little or no weight penalty.

Numerous important design considerations have been discussed. Howeven the cost

and performance of the shuttle are more likely fimctions of the various operating require-
ments than of the skill of the designers. The effect of some of the more important opera-

ritual requirements on the gross lift-off weight or payload is illustrated on figure 17 tor

one shuttle design. The basic vehicle would carry a 1 l[,]340-kilogram (25,000-pound)

payload at a gross lift-offweight of 1,590,000 kilograms (3,500,000 pounds). It would have
a 370-kilometer (200-nautical-mile) cross range capability, with a payload compartment

4.6 meters (15 tibet) in diameter by 18.3 meters (60 [_'et) in length. Tim orbiter landing
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wouldbemadewithair-breadlingengineswithsufficientthrustandfuelfi)ra"wave-off,
goarottnd"[1l ] maneuver.Sttfl]cientfilelwouldbecarried in lhe booster to cnfise back

to lhe launch site after enu 7. Also shown in figure 17 are the amount the size of Ihe vehi-

cle could be decreased or the amount the payload could be increased if each of d_e above

operational requirements were deleted and' lhe savings that could be accomplished by

halving the volutne of the payload compavttnent. Also shown is the weight penahy associ-

ated with increasing the cross-range capability Io 2780 kilometers (1500 nautical miles).

[12]

Staging Arrangement

Piggy'-Back

Belly-to-Belly

'Ianden [sic]

l"i_re 1
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Document 11-7

Document tide: Office of Management and Budget, "Documentation of the Space Shuttle

Decision Process," February 4, 1972.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

The decision proee,_s leading to approval of Space Shuttle development wa_ extremely complex. It

involved intense, often conflictfilled interactions among NASA, the Bureau _] the Budget (BOB),

which became the O]fice oJ Management and Budget (OMB) in 1970, the Office of Science and

TeclmoloK_ (OST) and its President's Science Advisory Committee (PSAC), and other White Hou.w

sta[]i 77_is clmmoloKy of the Shuttle decision princess was prepared by OMIJ staff in the Economies,
,Science, and Teehnolo_; Program Division (ESTPD) a month after the po._itive presidential decision

to proceed with the Shuttle.

Ill

Documentation of the

Reference Date

1. Telephone call BOB 1/7/70

2. [.etter, Dircctor Mayo 1/20/70

to Dr. Paine

3. Memo, Tom Newman

(NASA) to Earl Rhode

2/17/70

4. Letter, Director Mayo 3/18/70

to Dr. Paine

2/4/72

Space Shuttle Decision Process

Description

BOB staff alterted [sic] NASA staff to forthcoming

(Earl Rhode) to NASA request tot economic analy-

sis of shultle compared with alternatives; analysis

was to include life cycle costs of meeling specitic

NASA/DOD mission requirements.

BOB identified space shuttle as a major policy issue

for F'Y 1972.

NASA proposed to analyze one alternative to the

dilly reusable shuttle, i.e. the current expendable.

BOB requested Major Program Issue study,

"Analysis of Alternative Systems for Reducing the
Cost {_t Payload in Orbit." Requested use of 11)%
discotmt rate with sensitivity tests. Enclosure

referred to NASA in-house stodies and suggested

they be integrated into a systems study which would
include total non-recurring and recurring costs ot

launch vehicles (drily reusable shuttle, partially

reusable shuttle, current expendables, and new

low-cost expendable) and payloads. Due dates:

Interim Report - 5/1/7t7); Final - 7/1/70.
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Reterenc¢ Date

5. NASA Interim Report 4/24/70

[2] 6. Memo, Robert

13ndlay [sic] (NASA.) to
Earl Rhode

7. I.etter, John Young to

William l.illy (NASA)

8. NASA study contracts June
1970

6/18/70

6/29/7O

9. Memo, Earl Rhode to 7/23/70
John Young

10. NASA Second 8/15/70
Report to OMB

11. l,etter, DE Low to 9/30/70
l)ireclor

Description

NASA submitted Interim Report, "Ahernative

Systems for Reducing the Cost of Payloads in Orbit,

an Economic Analysis," to OMB. Report concludes
that internal rate ()f return analysis ranks aherna-
tires as follows:

• fully reusable shuttle

• new low-cost expendable

• partially reusable shuttle

• current expendable

Economics of space lug not addressed

NASA suggested that comparing presem values is

more meaningfid than comparing internal rates-ot:
return o[ alternatives.

BOB commented ¢m in-house NASA interim report

(4/24/70) and requcsled tinal report by August 15,

1970. Attachment requested that final report hold
[Office ¢)f"Sl)ace Science and Apl)licati<ms ] annual

budget to $750 M and examine sensitivity of space
stalion 10('

NASA issued contracts to Mathematica (economic

analysis), Aerospace Corp. (cost estimating), and
Lockhee(I (payh)ad effects) tot 11 month studies

(7/70 to 6/71) of space shullle. Robert I.indley of
NASA designated to be project m(mitor.

Malhematica meeting (7/9/70)--described inilial

meeting of OMB, NASA, and Mathematica repre-

sentatives. Pending fhrther study, Mathemalica's

analysis agreed wilh those of NASA interim report
of 4/24/70.

NASA snbmilted second report, "Economic

Analysis, Ahernative Systems ti)t Reducing the Cost

of Payloads in Orbit" 'to OMB. Relalive ranking of
alternatives unchanged. Report stated thai ultimale

goal is |hlly reusable and theretore the "hybrid

(partially reusable shuttle) has been dropped 'from

contention .... " Pavh)ad effitcts more important
than launch cost eltk._cts. Sl)ac e lug ec(momics not
addressed.

Recommended $180 M for proceeding with detailed
design and develolmmn I in h' 1972.
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Retk'rence_

13] 12. l,elter, Mr: Rice
Io Dr: Low

13. NASA briefing to
Taft) on

14. l,etler, Director to

Dr. lx)w

15. NASA baseline

design

16. Mere(), Dan "IMI to

.John Young

17. l)irecior Slulllz lelter

to l)r. l,ow

18. Robert l,indley

t)riefing to l)an Taft

19. l,eller, Rober!

IJndlev to l)an Taft

20. John Sullivan on-
board

21. NASA brieting to

OMB

141

22. Meeting, Dr. l,ow

and 1)an Taft

23. l,etter, Mr. Rice to

Dr. Fie!the,

Date

12/17/70

12/15/70

2/1(`)/71

1/25/71

I, 22,,71

2/27/71

3/10/71

3/29/71

5/5/'71

5/7/71

5/14/71

5/' 17/71

Description

Contained language describing shuttle decision--

develop engine; design airflame (FY 1972 budgel).

Robert Lindly [sic] briefed new OMB staff (Dan
OMB results of economic studies.

Allowance of $100 M (BA) rei!en_ting sbuttle decision

and requesting opportunity to review shuttle studies.

NASA defined b;tseline requirements (65,000 pounds

payload; 1100 [nautical mile| cross range; 550,000

pounds main engine thrust).

Suggests three-tier approach 1o evaluation o1 shuttle
economic studies, including that OMB en(:ourage

()ST to convene a PSAC space shuttle panel.

Reitevales need tot tinal econ(mfic ,malysis of shuttle.

NASA explained rationale lk)r 1)aseline design

1-cqllhclllen is.

Mathematica interim report "Benetil Cost Analysis of

New Space Transporlalion Systems"--3/15/71 sub-

mitted to OMB.

Economist hired by OMB to review analysis of shullle

eCOllOlnics.

Sll])jec[; (;urrelll slaltlS of space shullle. NASA

planned to release vehicle RFP lot fully reusable
shu!tle in Aug. 1(.)71. StaGe 1 1/2 shuHle discarded

becanse:

• not technically teasible

• potential drop-tank solulio|l
• didn't meet requirement of all-azimuth capability

Arranged al Dr. l,ow's request prior to FY 1973
Preview. Dr. lx)w expressed belief thai annual

NASA funding levels of $4.5-5.0 B were reasonable

to expect. Fully reusable system desired. Some

concern about peak slmllle funding.

()MB suggested 5-year N:LSA plan with Batse Plan peak

of $3.2 B per yem:
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_Reference

24. 1973 Preview,

Science and Space
Program

25. Menlo, EST[PD]
staff to NASA staff

26. l,etter, John Sullivan
to Dr. Klaus Heiss

(Mathematica)

[5] 27. Material. Provided

to Robert Lindley by John
Sullivan

28. Letter, Dr. Fletcher
to Mr. Rice

29. Meeting, William
Lilly (NASA) and Dan
Taft

30. Memo, John Sullivan

to John Young

31. Memo, John Sullivan

toJohn '_bung

5/24/71

5/27/71

6/71

6/1/71

6/7/71

_Description

ESTPD analysis indicated that filly reusable Shuttle not

cost-eltective when compared with Titans. Guidance

was to continue study of aher-native configurations
including stage 1 1/2.

Commented (primarily directed at Mathemafca Report)
on NASA briefing of 5/7/71. Questioned whether

the then postulated due dales of Mathematica final

report (June 1971) and Aerospace final report

(August 1971) weren't revensed (Aerospace provided
input to Mathematica). Asked whether Mathematica
final report would include:

• partially reusable (stage and one half)
• reusable tug IOC in 1985 rather than 1979

Sent wiOi NASA concurrence. Commented on

Mathematica Imefim Report (March 1971 ) on page-by-
page basis. Suggested more sensitivity analysis of the

mission model. Enumei_ated weaknesses in tbe input
data from Aerospace (cost estimates) and Lockheed
(payload study).

lntbrma[ OMB comments on Aerospace interim repol7
4/12/71 (e.g., no dispersions presented for cost

estimates), and lx)ckheed interim report--I 2/22/70

(costs of payload refinbishment and maintenance

were assumed rather than estimated) sent to NASA.

lntormed OMB that NASA was examining phased

approach (orbiler first) with interim expendable
boosteI: NASA preferred 2 1/2 stage system.

Discussed schedule for shuttle decisions and alternatives
being examined.

6/9/71

6/23/71

Mathemalica meeting (6/2/7)--OMB, NASA, and
Mathematica to discuss inadequacies of Mathematica

Interim Report, "Benefit Cost ?malvsis of New Space
Transportation Systems"--3/71). St_ecifi c OMB criti-

cisms (e.g., lack of alternatives, tmrealisfic IOC dates for

space tug and space station, and additional sensiti_4_,

analysis required) pro_4ded in advance of meeting.

Presented proposed game plan for staff analysis of

shuttle studies, e.g., a staff paper to be completed
Seplenlber 1971.
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Reference_

32. Lettm; Ml: Rice to
Dr. Da_4d

33. Letter, Klaus Heiss

(Mathematica) to John
Sullivan

[61 34. l,ener, Mr. Rice

to Dr. Fletcher

35. Meeting with NASA

Budget Office

36. Mathemadca Follow-

up Report

37. Meeting with Shuttle

Program Manager

[7] 38. Meeting with

Advanced Missions----

()MSF

Date

7/14/71

7/15/71

7/20/71

7/21/71

7/23/71

7/26/71

8/2/71

_Description

Prepared by ESTPD--detailed specific questions

regarding alternatives to the 2 1/2 stage shuttle which
the PSAC shuttle panel might address.

Detailed replies to OMB _witten comments (5/27/71 ) Ol1

Mathematica Interim Report.

Prepared by ESTPD-----s'tated emphasis should be

placed
on substantially reducing overall investment cost;

requested additional information on economics of
ahernative lower-cost systems. Reterred to follow-on

letter at stall level (see meeting 7/21/71 below--

Reference 35).

Discussed dr',fit of staff letter requesting (substantial)

additional anal_is be submitted by 8/16/70 including:

• alternative configurations: 1 1/2 stage, 2 1/2 stage.

• brief report on ie_sibility of designing recoverable

satellites with an expendable launch system.

• analysis of a shuttle (35,000 lb. payload capability,
12 x 40' payload bay, low cross range) in context of

specifk: nfission model (smaller than NASA base-

line model).

(Results: EST[PD] staffworked xdth NASA slaffon eco-
nomics of alternative configurations of full sized shut-

lie. Budget Office organized several meetings between

EST[PD] staff' and staff" froin Shuttle Program ()ffice.

N,_SA Budget Office felt that workload was too heart

to allow anal s_es of 12 x 40' shuttle.)

OMB received Mathematica iollow-up report--5/31 / 71.

Report further relined anal}_is of fully rettsable stmtde.

Discussed the 29 shuttle performance and technical

requirements (as detailed in NASA document--
2/12/71) including their interactions, wadeoffs, and

alternatives. (N±LSA comments: No alternatives to any

requirement)

Discussed the reusable space tug. I,earned that there

were many versions of the tug and that analysis of tim

tug was assigned low prioriD' by NASA (e.g., Phase A
studies hadn't starled; tug economic stndies just

underway (more in Ref. 60)).
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.Refe ten c e

39. l,etter, Mn

Weinberger to Dr.
Hetcher

Date

8/2/71

40. First meeting PSAC August
Shuttle Panel 13-15,

1971

41. FY 1972 9/20/71
Apportionment action

42. Subsequent meetings 9/23-

of PSAC l 1/ 18/71

[8]

43. Letter, Dr. Fletcher 9/30/71
to Director Shuhz

44. OMB Staff Paper 10/4/71

Description

OMB informed NASA of FY 1973 Planning Ceiling of
$2,835 M BA and $2,975 M outlays.

Presentations by NASA, Airframe Contractors,
Aerospace Corp., Mathematica, Inc., l_×Mmed, and Air

Force. (]onlractot,s concentrated on fiflly rettsable

an(t included limited discussion of the 2 1/2 stage

and the ttlrttst augnmnte(l 1 1/2 stage. NASA pushed

2 1/2 stage, t)ut indicated serious peak trading t)r()b -
lem (more in Ref. 42).

$25 M held in reserve pending decisions in context of

FY 1973 budget.

Presentations (Selective list)

• Several byAir Force, t_oth projecting lower launch

rates than that used in Mathematica Reports.

• Sept. 24, 1971 NASA (1)ale Myers) presentation
- Mark I/!I approach outline(l, but mentioned

would study several t)ooster options including

tlyback (S-I-C), T llI-L, solids, and pressure-
fed.

-Revised economic analysis (by Lindley of
NASA): if feasible, 1 1/2 stage is preferred m
2 1/2 stage and Mark I/I1.

• October 15, 1971--Panel Chairmen's analysis of

gliders and 3 stage vehicles (reusable lst'stage,
expendahle 2rid, powered orbiter).

• November 17, 1971--NASA presented report of

studies including first definition of pressure-fed
booster.

• November 18, 1971--Dr. I,ow emphasized latest

NASA thinking (pressure-ted booster) would resuh

in Io_s [+Mth] fimn+e peaking problem than design
on which FY 73 budget based. Runout costs of

NASA budget placed at about $3.6 B with new starts.

Transmittal letter for FY 1973 budget. NASA

recommended Mark I/II phased technology
approach _ith llyback booster as baseline but refer-

ence to ballistic booster study.

Final draft of "The Futme Space Transportation

System--An Economic Analysis of the Options"
which conchMed thai the new expendable (Titans

plus Big Gemini) was more cost-effk_ctive than shuttle.

Mso concluded that shuttle _4th non-flvback booster

(current contiguration) was more cost-etfective than

one with baseline tlyhack I)oosler (set:. Ref. 43).
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Reference. Date

45. 1973 Budget Heating 10/7/71

46. OMB Stall Paper 10/14/71

[9] 47. Memo ]ohn 10/19/71

Sullivan to Mr. Rice

48. 1973 Director's

Re,Sew--Session on

Space and (;enel-al
Research

49. Memo, Dan Taft to

Mr. Rice

50. Meeting with NASA

51. Memo, NASA unit

to Mr. Rice

52. Meeting with NASA

[10] 53. Memor'andum
for the President

54. Aerospace Report

:5:5.Talking Paper

10/22/71

11/3/71

11/23/71

11/29/71

ll/30/71

12/2/71

12/2/71

12/7/71

Description.

Manned Space Flight hearing for FY 1973 budget.

Final draft of "The U.S. Civilian Space Program--A

Look at the Options" which discussed post-

Apollo/Skylab plan. Included an analysis of the shut-

fie (see Ref. 44).

Discussed PSAC Shuttle Planel [sic] meeting of

10/15/71. Majority of members conchtded that large

shuttle not cost-effective hut that alternatives must

preserve option tot manned space flight.

FSlt'[D] reconmmnded that shuttle progn-aJn be cancelled

or if this not feasible that decision be defined to FY

1974. Various options identified by PSAC Panel

Chairmen were discussed (inchlding small glider).

Guidance was that lower cost alternative to NASA

shuttle (large orbiter with flyback hooster be devel-

oped by NASA.

Discussed NASA FY 1973 Budget decisions m light ot

Director's Review. Suggested that rather than detine

a particular slmttle design, OMB pro_4de NASA with

program criteria. Criteria tor initiating reduced-cost
shuttle definition were attached.

OMB stall reviewed with NASA pmiect stall the latest

data on all desigm options.

Analyzed effect of reducing orbiter size on shuttle

payload benefits. Conclusion based on available data:

large shuttle not cost-effective; 10 x 20' or 20 x 40'
shuttle would pro_4de intangible benefits such as

national prestige.

Dr. Low presented interim coinparison of costs of

booster options.

Presented options for future manned space program.
Recommended that OMB and OST work with NASA

on the reorientation of shuttle effort to define a

reduced-cost shuttle (invesunent $4-5 B).

OMB receives 4 vohnnes (of 5) of Aerospace Final

Report, dated August 1971, hut apparently ptinted in

early November (one w_lume was still in draft).

Presented to NASA 12/10/71. Discussed guidance on

15 items. Stated that no decision had heen made on

whether to develop the shuttle.
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Reference

56. Draft Memo from

John Sullivan

57. Meeting with NASA

58. Memo, Dan Taft for

M1; Weinbergcr

59. Draft Memorandum

for the President

[11] 60. Meeting with
Advanced Mi_ions-----

OMSF

61. Menlo,John Sullivan
to M_: Rice

62. Memo,John Sullivan
to Mr. Rice

63. Talking paper for
MI: Rice

64. Letter, D_: Fletcher

to ML Weinberger

Date

12/9/71

12/11/71

12/16/71

12/16/71

12/16/71

12/17/71

12/28/71

12/29/71

12/29/71

Description

Delivered to MI: Rice. Described latest NASA mission

model and concluded that manned missions accotmt-

ed fi)r 50% of NASA's shuttle benefits.

OMB (MI: Rice) presented to NASA a series of gen-

eral concepts, specific assumptions, and guidelines

for the Shuttle program including 10 x 30' orbiter

and $4 B [research, development, test, and evalua-

tion]. NASA agreed to study various sized shuttle
options.

Discussed FY 1973 NASA appeal and attached draft

Memo fur President on space slmttle decision.

Suggested understanding be reached about closure

of a manned space flight centre:

Di_uxsed capabilities, size, and cost of the space shuttle

_s a Presidential issue remaining in the NA£A FY 1973

budget. Recommended that NASA be directed to

define a shuttle system subject to certain constraints,

including $5 B for R&D plus investment.

Discussed status of economics of reusable tug studies.

No progress had been made since contract issued in

August 1971 (see Reference 38).

Presented partial analysis (e.g., didn't discount dollars)

of economics of reducing orbiter size. Concluded

that DOD was primal y loser if payload-bay length

were reduced to 40' and that roughly 60% of shuttle

savings accrued to NASA. (This memo superseded

that of ll/29/71--retmence in light of recently
acquired data.)

Updates staff economic analysis of large shuttle.

Concluded that neither configalration (pressure-fed,

solid motor) was cost-etlective when compared with

Titan plus Big [Gemini].

Prepared by EST[PD] stall- Included breakdown of

investment cost for large orbiter with pressure-fed or
solid-rocket boostm;

Reported results of study of options and conchtded that

15 x 60' orbiter a "best buy" and 14 x 4.5' the mini-

mmn acceptable size.

65. OMB Meeting with 12/29/71 Meeting with DI: Fletcher and Low on NASA's study of

NASA options.
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Reference

66. Memo, Dr, David

(()ST) m Director

[ 12] 67. Memo, NASA
unit to Mr. Rice

68. OMB Questions for
N ,_%A

69. I,ettm, Dr. Fletcher

to Mr. Weinberger

70. Memo, Dn David

(OST) to Director OMB

71. Memo, Mr. Rice

to Director

72. Meeting with NASA

[ 13] 73. Letter, Dn
Fletcher to Mr.

Weinberger

74. Statement by the
President

75. Letter, Dr. l,ow to
Mr. Rice

[)ate

12/30/71

12/30/71

12/31/71

1/3/72

1/3/72

1/3/72

1/3/72

1/4/72

1/5/72

1/11/72

Description

Strongly recommended that slnaller shuttle ( 12 x 40' or

10 x 20') be selected to preserve a balanced space

program.

Analyzed NASA's position on shuttle as stated in letter

of i 2/29/71 (see Ret: 62). Suggested NASA cost esti-

mates were veo' uncertain. Noted that investment
costs should be kept in mind and inclusion would

bring estimated cost of large orbiter plus pressure-fed
booster to $9 B. Presented brief analysis of smaller

shuttle (e.g., lower launch costs of substantial payload

capture).

list of questions pro_Med to Dr Low concerning ovendl

fiscal constraints, payload requiremenLs, and cosl esli-
IHa[es.

Reiterated previous conclusion that 15 x 60' orhiter a

"best buy." :M_swm.'s lo OMB questions (_e Ref. 68) were

x,ague,'e.g., smaller orbiter would lose many missions.

Urged that decision on specific characteristics of space

shuttle be delayed for several months pending review

by NASA of lower cost alternatives. Noted that shuttle
decision will commil R&D fimds until early 1980's.

Prepared by ESTP [D]. Recommended that proposals in

Dr. David's memo of 1/3/72 be adopted.

Recommended that NASA be directed to design a

shuttle _fithin total investment cost (inchMing facili-

ties[,] vehicles, and contingency of $5 B and peak

annual funding of $3.2 B).

Decided to develop shuttle (up to 15 x 60'); study

14 x 45'; and decide booster later (pressure-fed vs.
solid rocket motors).

Documented decision on shuttle.

President announced decision to develop Shuttle.

Described NASA turther study of orbiter size ( 15 x 60'

vs. 14 x 45') and booster (pressure-fed vs. solid-

rocket) in order to make decisions by March I, 1972.
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Reference l)atc

76. Memo, Dan Taft u) 1/27/72
Nit: Rice

Description

Summarized draft letter, Director to Dr. Fletcher

prepared by EST[PD] staff. Attached was an OMB

stall analysis of shuttle options, which recommended

that OMB concerns be transmitted informally to
N:'_SA management. ,Stressed the risks associated _dth

particular choices.

Document 11-8

Document title: George M. Low, Deputy Administrator, NASA, to Donald B. Rice,
Assistant Director, Office of Management and Budget, November 22, 1971, with attached."
"Space Shuttle Configurations."

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

l)nHng the.final months qf the White House-NASA &bate over whether to develop a reusable space

Iran,vportalion system, as well as what kind of ._ystem to d_Jelop, the _¢7_ile House, supported I(_' a

panel of the 15e._ident's Science Adviso O, Committee, sug, w._ted that _;4SA consider an unpowered

glider launched on top o/an expendable launch vehicle. 7'his concept wonM have been rather similar

to the Air Foree Dyna-Soar program, which had been caneelled in 1963. _k].LSAresisted this sugges-

tion, aq,ming that the development savinff_ (¢/ such a concept would be outweighed b), its operating

costs at the flight rate NASA was anticipating. _%¼,%4Depu(_, Administrator George Low used the

trade_ff cu_we contained in this document to argme that both development costs and cost per fliEht

needed to be taken into consideration in the decision over what ._ystem to deveh_p.

Mr. Donald Rice

:kssistan t Director

Office of Management and Budget
Executive Office of the President

Washington, D.C. 20503

NOV 22 1971

Dear I)on:

In accordance with your request, I am sending you a reconstruction of the diagram

that I sketched on your blackboard the other day, together with a discussion of the mate-

rial represented on the diagram.

We also discussed comparative information for small and large shuttles and small and

large gliders. The earliest we will be able to provide this information is Monday, November

29. I was unable to push this to an even earlier dale, although 1 would have liked to have
done so,

Please let me know if l can provide any additional information.

Sincerely yours,

George M. Low

Deputy Administrator
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Enclosures

cc: Jack Young, OMB
bcc: A/Hetcher

ADA/Shapley

M/Myers

B/Lilly

AAD/von Braun

D/McCurdy

AD/GML:rRj: 11-19-71

Ill Space Shuttle Configurations

For the past 18 months, seven aerospace companies and NASA have studied and

evolved va,ious designs of the space shuttle.

As a resuh of these design efforts, and as a resuh of tradeof[s between development

costs and operating costs, the shuttle system efficiency has been greatly improved. The

result is a class of configurations that costs much less to develop than earlier configura-

tions, is much smaller but can carry the required payload, and is still "productive" in terms

of operating costs.

Definitions

The following configurations have been considered.

1. Two-stage Fully Reusable. This uras the preferred configuration at the beginning of the

"Phase B" design effort. The "orhiter" carried all of its propellant (hydrogen and oxygen) inter-

nail); and yeas vel T large (larger than a 707). The "booster" was huge (like a 747), also used

hydrogen and oxygen propellants, and reed the same high pressure eng-ines a.s the orbiter.

[2] 2. Two-stage Reusable with External Hydrogen Tanks. (sometimes called "baseline")

Midway through the "Phase B" studies, it became apparent that by carrying the hydrogen
in tanks external to the orbiter, the size of the orbiter could be reduced, and the devel-

opment cost could be reduced somewhat as well. A secondary effect also resuhed: since
the orbiter became more efficient, it became possible to let it take more of the burden of

propelling the shuttle into orbit (lower staging velocity). The booster requirements were

thereby lessened, resuhing in filrther savings in complexity and cost.
3. Mark I/Mark II (MkI/IH. In this step, further advantage was taken of the ew_lu-

tion started in the previous step. For the orbiter, oxygen [,] as well as hydrogen, would be

carried in external tanks, leading to an even smaller orbiter (smaller than a DC 9). Some

of the subsystems would be phased, starting out in the Mark I model with more nearly

existing technology in areas such as the heat shield and avionics, and phasing in more
advanced versions later in Mark II.

Four different booster contiguralions are being considered in conjunction with the same

Mark l/Mark II orbiter. They are the Flyback Booster, the Pressme-fed Ballistic BoosteL the

[3] Parallel-staged Pressure-fed Booster, and the Parallel-staged Solid Rocket Booster.

3a. Mkl/II - Flyback Booster. This booster is ew)lved from the first stage of the Saturn

V. It uses conventional propellants, and the Saturn F-1 engines, but has wings so that it can

tlv back to the launch site.

3h. MkI/Il - Pressure-fed Ballistic Booster. With the compact, efficient MkI/II orbiter,

it hecanle possible to take another step in reducing booster complexi_': take off the wings,

make it umuanned, let it fly ballistically, and recover it with parachutes. At the same time,

simplify the propulsion system by using gas pressure to force the propellants through the

engines, instead of pumps and turbines, in this configuration, the booster still propels the

orhiter to a velocity of 5,000-6,001) leer per second, at which time it is jettisoned and the

orhiter takes over.
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3c.Mkl/II - Parallel-staged Pressure-fed Booster. ht this configuration, the booster

and orbiter are mounted side-by-side--for example, twin boosters mounted under the

orbiter's wings. All booster and orbiter engines are ignited befi)re takeoff. The boosters

are jettisoned after their propellant [4] is depleted, and then recovered. Tile orbiter con-

tinues to burn into orbit. This further simplities the booster propulsion system, since the

booster engines now no longer need to be steerable: all of the steering is done with the
orbiter engines.

3d. MkI/II - Parallel-staged Solid Rocket Booster. In this configuration, the booster

described in the previous paragraph is replaced with solid rocket motors. These, however,
would not be recoverable.

4. Glide__.__._yr.This vehicle requires two propulsive stages to put a winged recoverahle pay-

load carrier into orbit. It could make use of a recoverable or a non-recoverable first stage.
The second stage would be non-recoverable. It differs from the Mark l/Mark II orbiter in

one significant way: tire engines and the electronics to go wiflr the propulsion system are

placed into the external tank, thus making it into a stage, and then thrown away during
each flight; ira the orbiter the engines and electronics are recovered and reused.

Comparison of Configurati,ms

The various shuttle configurations are best (-Oml)ared on a ph)t of Cost Per Flight ver-

sus Development (:()st (see attached [5] figure). For the purpose of this comparison, the
I)evelopment (]()st is defined to inclu(le ;tll l)esign, l)eveh_l)ment ' Test and Evahmlion

(DDT&E) costs. It does not include costs for operalional hardware, tacilities, or flight
operations.

On this plot, the two-stage thlly reusable eontiguration shows a develol)menl cost of near-

ly $10 billion, at a cost per tlight of less than $5 million. The "b_seline" contiguration has a

development cost of $8 billion, with about tire same cost per llight a_sthe th.st configuration.

The Mark I/Mark lI orbiler with all four booswr contigurations falls within a range of
development costs between $4.5 and $6.5 billion, with operaliug costs ranging from $6 to

$12 million per tlight. The paralhq-staged solid rocket configuration is lhe cheapest to devel-

op, and the most expensive to operate within /hal range. The flyback-t)oosler version is al

the opposite end of tim range. The two pressure-fed booster configtu-ations |'all in between,

with the parallel staged one being closer to the left of the box, and the series staged one clos-

er to the right. (Ma,k lI will (:()st somewhat more to develop, bul h'ss to operate than Mark
I. Development costs shown in the figure are for th( +fitll Mark II capability.)

[6] All of these configurations carry the same payload: 65,000 p<nmds due east, or t0,(,R)0

pounds into polar orbit, in a 15 ft. by 60 ft. bay. The only glider lor which nformation is

now available is smaller: it carries a payload of less than half (hal weighl and volume. It was

designed to lit on a Titan Ill I, (a new'booster 4 times as hea_y as the largest existing Titan
11I) and a new second stage. Very preliminary estimates give a development cost of around
$3 billion, and a cosl per flight of$30 millitm.

A glider with the same payload capa( ity as th(. orbiter, Iogether with its booster stages,
would probably cost as much to develop as tire low-cost configurations of the slmule, since

there is little diflerence in complexity, ttowever, operaling costs would remain high as

long as one or more stages are thrown away. Conversely, a smaller shuttle (wilh a payload
of the size now considered fi)r the glider) would cost less to develop and operate than the
present shuttle configurations.

(]onclusions

NASA has not yet made a final contiguration selection. However. tor practical pur-
poses, the taro-stage fully reusal)le and the baseline contigurations can be discarded
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because of [7] their high development cost. At the other extreme, the gliden as presently

proposed, also does not appear to be l)ronlising. When compared on the basis of the same

payh)ad, it will probably not offer a significant sa_4ng in development cost, but will be expen-

sive to operate. (Definitive numbers on this tenmdve conclusion are not yet available.)
This leaves the Mark I/Mark II configurations with four booster options: flvback pres-

sure-fed, parallel-staged pressure-fed, and parallel-staged solid rocket boosters. The
Mkl/ll orbiter has been studied extensively and is well defined. Booster studies arc not yet

as complete, but the pressure-fed options look very promising.
The most promising candidate configuration today is the Mark l/Mark II ort)itcr widl

the parallel-staged pressure-fed I)ooster.

[no page nurnber]
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Document 11-9

Document tide: Charles J. Don]an, Acting Director, Space Shuttle Program, to Deputy

Administrator, "Additional Space Shuttle Information," December 5, 1971.

Source: George Low Papers, Rensselaer Polytechnic Institute Library, Troy, New York.

,4s NASA struggled to gain White House approval/or Space Shuttle development in l)ecember 1971,
there was a constant need Jor inJbrmation to support the particular Shuttle concept N;4SA was pro-

moting. Charles l)onlan, a career NACA/NASA enffineer, was Acting l)irector oJ the Space Shuttle

prog_am at NASA tteadquarter:_. He provided this memorandum on Shuttle de.siffn choices and cost_
to NASA Deputy Administrator Georffe M. Low, the NASA "point mart" in dealing with the BTtite

Hou._e on the Shuttle decision. ,4 particular item of contwve):v)_ between NASA and the B,Ttite ttouse

was whether there wew siffn!ficant cost savin U associated !/"a smaller Space Shuttle orbite_; rather

than the one with the fifteen-foot to_ six(_-Jbot payload bay that NASA wa,_ advocating, were to be

appnn,ed. Donlan _ memo suggests why NASA thought that such savinffg wouht not be substantial.
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[no page number]

December 5, 1971

TO: Al)/Deputy Administrator

FROM: MH/Acting Director, Space Shutlle Program

SUBJECT: Additional Space Shuttle Intormation

Tile attached information is in response to your request ti)r additional rationale and

analysis in support of the slmttle selection. Should you need any additional information
over the weekend, please feel ti-ee to call me at my home on 765-4625.

Charles ]. I)onlan

None of this intormation has been transmitted to OMB.

{_ll)

12/7

This is a rewritten version less the Incremental Cost-Benetit Analysis Section.

[ 1 ] Selection of the Delta Wing (_onfiguration

The delta wing orbiter configuration was selected on two accounts: ( 1) to obtain the oper-

ational benefits of cross range and (2) in recognition of the fundamental aerodynanlic

superiority of the delta configuration in tim supersonic/hyl)ersoni c flight regime.

1. Cross Range Consideration

The cross range requirement for the shuttle has been subjected to many critical

reviews. Whereas the initial request for a 1500n.m. [nautical mile] cross range capability

originated as an Air Force requirement, it became eviclent with increased depth of study

that a substantial degree of aerodynamic maneuvering capahility at h_])ersonic and super-
sonic speeds is fundamental to tt{e operation of the orbiter. It is a requisite to safe abort

being required to turn hypersonically tor the immediate return to base for selected abort

modes. It is also required to fly tim cross range to the launch site from once-around al)orl

or to an oft_track landing site for a down-range abort. It affords frequent normal opt)or-

tututies to return to base t'l+Olll oft)it on a due east mission from [the Eastern Test Range].
The ground tracks for these returns va D, greatly[,] enabling selection of reentry routes

over sparsely populated land mass or water in the event that sonic boom over p]+essures
are judged to be of objectionat)le levels for densely populated areas. The n_inimum cross

range performance compatible with these operational needs, as determined by once-

around abort, is 1100n.m. This requirement also serves to satist_,, an important Ai] Force
mission requiring one orbit return. The 1100n.m. cross range capability can most effec-

tively be supplied with a higtfly swept or delta wing configuration. A straight wing contig-
uration cannot satisfy this cross range reqtfirement. Technical rationale in support of this
thesis are contained 'in sections 2 and 3.

2. Aerothermodynamic Considerations

Apart fi'om operational requirements fi)r cross range, the selection of a deha wing

configuration in preference to a straight wing is strongly influenced by basic aerodynam-
ic considerations. The critical periods during reentry of the shuttle are the
hype sonic/st personic flight regime and Ihe accomplishme,lt of transition.
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[21 Tile delta wing configuration is stable throughout a wide range of angles of attack in

this regime and by modulating angle of attack and bank angle can take fill advantage of

traiecto _, shaping, cross range and high ahitude, supersonic transition options. The flow
field over the delta vehicle tends to be relatively smooth[,] producing unitorm, pre-

dictable, aerodynamic heating gradients. Also the delta vehicle experiences relatively low

and uniform temperatures, 600 -800°F, over the sides and upper surfaces of the vehicle.

The flow over the sides of the fuselage is smoothly blended; there are no shock interac-

tions and few, if any, hot spots. These conditions are favorable to straighdbrward, accurate

heating prediction and confidence in the design of the thermal protection system.
The straight wing configuration sutters from unsteady flow and buffeting in the tran-

sonic regime. In the hypersonic regime the flow fields are complex with strong bow and

wing shock interactions with the vehicle. The strong interference flow field results in high

local temperatures and severe temperature gradients on the wing, body and tail. Vortex

tlows in wing-body and tail-body junctures tend to result in local hot spots on the tklselage.

Fuselage side temperatures range from 900-13000F making the analysis and design of the

[thermal protection system] a complex problem. For these reasons, the delta configuration
lends icself more readily to solution of the critical aerodynamic problems of the shuttle.

3. Growth Potential.

The problem of growth from a cargo bay of 12'X40' to 15'X60', or even 12'X60', is

not a straightforward change for either a straight wing or delta orbiter configuration.

Fuselage stretch of subsonic transport aircraft are not indicative of the problem ofa hyper-

sonic/'supersonic orbiter booster configuration. The stretch of an orbiter will significant-

ly alter the hypersonic flow field[,] resulting in greatly different stability' and control and
thermal characteristics for the orbiter as well as the complex launch configuration of

orbiter and booster combined. Extensive aerodynamic, static and dynamic ground tests,

plus additional flight test development would be required, approaching that required for
another orbiter configuration.

131 The question of reductions of orbiter weight and dimensions have been examined [i)r
bay size of 15'X60' down to 12'X40'. These reductions are limited to less than about

15'%-20% of the vehicle dry weight for practical design reasons. For example, reduction

in payload bay diameter from 15' to 12' cannot be fidly realized in orbiter weight saving
because of the necessity to provide a boat tail of approximately 15' diameter to accom-

modate the rocket engines.
in summary, the stretch of an orbiter accommodating 12'X40' payloads to 15'X60', or

12'X60', payloads is not considered practical. The most cost effective system is one sized

properly at the outset for its intended use.

[no page number] PROGRAM COST DIFFERENCES FOR LARGE.
AND SMALL ORBITER SYSTEMS_

The following is an explanation as to why the cost differential for the program using the

large orbiter with the pressure fed booster [PFB] ($5.7 billion) and the sinall orbiter with

the pressure fed booster ($5.1 billion) is not greater than $600 million. In other words, what
elements in these two programs remain fixed and what elements are scaled with size?

The 65K twin RAO [rocket assisted orbiter] and the 30K twin RAO system d_' weights

estimated by (;AE(; [(;reenbeh Aerospace Engineering Corporation] and MSFC

[Marshall Space Flight Center] are listed in the attached Tahle I. Ahhough the system pay-

load capability decreases 54% (65K to 30K) the percentage decrease in system dr),' weight

is only 26% to 30%.
Utilizing cost estimating relationships (CER's) and changes in orbiter dr)' weight,

(;AE(_ estimates the deha DDT&E [design, development, test, and evaluation] cost and
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[sic "at" meant] $600M and MSFC at $400M. Attached "Fable lI details the MSFC estimates

and delta differences of the large and small orbiter DDT&E costs. The major changes in
the MSFC analysis (23%) is in the structures and thermal protection system. There would

be, realistically, little or no impact on avionics, environmental control and life support sys-
tems, and relatively minor changes in the electrical power system. Program fimctions such

as management, systems engineering and integration, and installation, assembly and

checkout are not directly related to orbiter size and therefore will not change appreciably.
Subsystem develop-ment testing and program SUl)por! which includes such items as crew

equipment, simulators, and development propellants varies as a percentage of the

DDT&E effort. Basic tooling, jigs test stands, handling equipment, dollys [sic], and some

[ground support equipment] would be less expensive due to sealing effects.

In summary, a cost savings of $500M in orbiter DDT&E would appear to be reason-

ably attainable in scaling a 65K orbiter system to a 30K orbiter system. In arriving at the
total delta of $0.6B between the configurations approximately $100M can be attributed to

the reduced weight of the twin pressure fed booster. There is no change in [Space Shuttle
main engine] HiPc cost estimates. The engine thrust size used by GAEC for both orbiters

was 350K (sea level thrust) and MSFC used 415K (sea level thrust) for both orbiters.

[no page number] TABLE I

DRY _T3GHT ESTIMATES

ORBITER HO TANK TWIN PFB
SYSTE______M A %

65K 30K 65K 30K 65K 30K 65K 30K

MSFC 140K 116K 79K 67K 352K 216K 571K 399K 172K 30

GAEC 159K l18K 89K 63K 675K 500K 923K 681K 242K 26

TABLE H

MSFC ORBITER DDT&E (TWIN PFB)
FY 1971 DOLLARS INCLUDING FEE

65K ORB_ 30K ORB.

[no page number]

STRUCTURE 641 539

PROPULSION 437 357

ME (116) (94)

()MS (43) (36)

ACPS (216) (176)

ABES (62) (51 )
AVIONICS 511 499

POWER 348 299

ECLSS 174 171

INST_M_L., ASSY.., & C/O 58 54

SUBSYS. DEV. TESTING 310 249
SYSTEM ENG. &

INTEGRATION 236 214

PROGRAM SUPPORT 517 444

MANAGEMENT 123 106

TOOLIN(; 150 130

TOTAL $3505M $3062M

A % OF TOTAl. A

102 23

80 18

12 3

49 11

3 1

4 1

61 14

22

73

17
20

$443M

5

16

4

4

1O0 %
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[no page numberl Comparative Analysis ot Cost Per Flight

The tollowing discussion explains why it costs an incremental $4.1 million per flight

when solids are used instead ot the pressure fed booster with a larger orbiter; and only

$801),1)00 per tlight when solids are substituted for the pressure fed booster on the small-

er orbiter.
The difference is due to the differing cost of solid rocket motors (SRM's). The 65K

orbiter utilizes 156" SRM's at $6.2M per set while the small orbiter utilizes 120" SRM's at

$2.9M per set. The following data indicates the reasons for this increase in SRM cost from

120" to 156".

ITEM
156"

Number ot seglnents 3 7

Motor weight 1490K 705K

Propellant weight 1367K 644K
Burn-out weight 123K 61K

(t.SM 0.386M

Prop. cost of $0.6()/1b. 2.3M 1.061M
Case Cos!

The attached table compares the cost l)cr tlight for both systems using pressure fed

boosters and SRM's.

[no page tmmber] Comparative Analysis of Cost Per Flight (Dollars in millions)

Large System Small System
65K East 30K East

13' X 60' 12' X 4(1'

Twin PFB qg, in SRM Twin PFB q\_'in SRM

(156") (120")

Orbiter + HO tank 5.2 5.2 4.6 4.6

Booster 2.1 * 6.2 ** 2.1 * 2.9"*

Cost pet Flight 7,3 11.4 6.7 7.5

C&)ST I'ER FLIGItT COST OF SRM SET

Twil_31PFB Twin SRI__.1 A

65K ()rbiter 7.3 l 1.4 ( 156" solids) 4.1 2 156" solids _ 3.1 6.2

2 120" solids qJ_'1.45
30K 6.7 7.5 (12(1" solids) .8

3.3 3.3

* No differential is shown lot refurbishment/turnaround cost for the 65K twin PFB vs. the

30K twin PFB. The 30K twin PFB will probably be less expensive to refurbish and turn-

around; e.g., smaller recove_T chutes, less surti_ce area to clean and process. However, the

current definition and understanding of these costs prechtdes ide atit_'ing quantitative dit:

ferentials between the two booster systems at tiffs time.

** Expended hardware.
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Document I1-10

Document title: Mathematica, "Economic Analysis of the Space Shuttle System,"
Executive Summary, prepared for NASA, January 31, 1972.

Source: Space Policy Institute, George Washington University, Washington, D.C.

In 1970, at the urging oj the O/rice of Alanagenwnt and Budget, NAS;_t, as it Oied to gain approwd

to beKin Space Shuttle development, contracted with an independent economic ana&sis group,

Mathematica, Inc., to emry out an anal_,si.s oJ the economic benqfits of such developmeni. 7"his was

lhe.fir_-t time Ihat NASA ahempted in ad),ance to prelect the economic benefits of a proposed develop-

ment e[[orl. Mathematica was headed by lhe prestig4ous economist Oskar Morgenstern,. in charge oJ
the NASA e[fi_rt was his associate Klaus., Heiss. Mathematica's initial analysis was submitted to

NASA in May 1971; it compared a greneric Space Sh ultle _oncept with the use -r_existing expendable

launch vehicles as a means oJ providing space transportation over the 1978-90 period. This docu-

ment summarizes the results t?f a second round q/anal_,_h which compared vmious Space Shuttle con-" . 2" ",

cepls with lhe use c?[ expendable vehicles (the Jbur fi,¢ure.s and lable mentioned in this executive

summary do not appear hoe. Because this [ormal report would not have been compleled by the time

that ,S_0ace Sh u ttle decisions were an tieipated in the November-1)ecember 1971 time period--while the

report is dated lan ua_3, 31, 1972, it actually, u,as not submitted unlil Ala_, 1972--in October 1971,

Morgenste_v_ and lleiss submitted to A'A._'A Admini._tralor .]ame_ Fleicher a memorandum (see

Document HL30 Of Exploring the Unknown, \fi)lume I) ._umma_qzing their results.

[0-z]

Economic Analysis of the
Space Shuttle System

EXECUTIVE SUMMARY

0.1 (;()NCIMSI()NS

The major conclusions of the Economic Analysis of tl_¢" Space Shuttle System are:

• 7'be development O/a Space Shuttle Syslem i._ ec_momicall_,/i,asible assuming a lewel of space

activity equal tO the average _( tbe l,'iTiled Slale_ unmanaed progrram _?[the last ei/#ht _,ea_.

• ,4 7"bru.sl As._isted Orbiter Shuttle (TAOS) with external hydrogen�oxygen tanks is tfie et'_

nomically preferred choice among_ the man_, Space Shuttle c_nfig_uralions so fizr investzgated.

Early example._ t?/ such concepts are IbtJ'O O/Mcl)onnell l)ouglas, 714H0 0/ (;rumman-

Boeing_, and similar concepls studied & Norlh A met4ean Rockwell and [Lockheed Mi._sile

and Space Company/-Lockheed; the._e crmcepts are now commonly, known as rocket assisted
orbito:_ (1_4 0).

• The choice _)[lhrusl assist./br the orbiter Shuttle is still open. 77ze main economic allerna-

tive_ are pmssure /bd booster_ and ._olM rocket molor_-, either using parallel butyl. A third eco-

nomic alternative lo the,e version._ is to use series burn bomler_. [italics added tor

emphasis; original was all capitol lellcrs]

These conclusions are based on the li)llowing resuhs of the economic analysis:

[0-2] 0.2 THE E(:()NOMIC WORTH ()F A SPACE SHtrTTI,E SYSTEM

0.2.1 Resuhs of the May 31, 1971 Analysis

The ,mtjor tindings of the t:collOlllic analys s of new Space Transportation Systcllls

reported on May 31, 1971, which were prepared for the National Aeronautics and Space
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Administration, are concerned with the analysis of the economic value of a reusable Space

Transportation System without any particular concern as to which, among tile many alterna-

tive Space Shuttle Systems[,] would, in the end, be identified as the most economic system.

Figure 0.1 shows the summary of the major results of the May 31, 1971 analysis. Ill this

analysis we report only tile results of the "Equal Capahility" analyses, the most conserva-
tive approach to evaluate new technologies. "Equal Budget" analyses were also per|ormed
and those calculations give even more favorable economic results (see also May 31, 1971

analysis). On the horizontal axis the numbers of Space Shuttle flights between 1978 and
1990 are shown as ranging between 450 and 900 flights for that period. On the vertical

axis the allowable non-recurring cost for the development of the launch vehicle--that is,

the Space Shuttle as well as the Space Tug and the required launch sites--are shown in
billions of undiscounted 1970 dollars. The benefit lines shown in this figure show how the

allowable non-recurring costs--that is, the benefits to be associated with a tidly reusable

Space Transportation System--increase as the flight level expected for the 1980's increas-
es between 450 and 900 flights. Overall, this is ve_' much a function of the particular rate

of discount (or social rate of interest) chosen and applied to the analysis. Three sum-

maries are shown in Figure 0.1: the results of 5%, 10% and 15% social rates of discount

respectively. We may wish to nse them interchangeablv. Since all the costs as well as the cal-
culated cost savings were expressed in constant dollm's, the interest rates applied are real

interest rates which do not include elements of inflation. _Ls shown at a 10% rate ()f inter-

est, the allowable non-recurring cost would vat)' from ahout $12.8 billion (about

500 Space Shuttle flights ill ttle 1980's), up to $20 billion at a flight level of about

850 flights tot the same period. The shaded vertical lines in Figure 0.1 show, lirst, the aver-

age U.S. flight level in terms of Shmtle tlights between 1964 and 1969 (61 flights per year)
and retlect also tile ftmding average between tile years 1963 and 1971. Also shown are tile

average USSR flights for the period 1965 to 1970 (65 tlights per }'ear). Furthermore, tile
haseline mission model of 736 flights, at that time, is shown on the right side of the dark-

lv shaded area where Ihc left boundary of that area is detined by a reduced mission model

(;f around 600 flights for Space Program 3 in that analysis. Since then, we have used in our

present analysis a reduced t>aseline mission model ()i 514 flights with a t)otential overall
level of 624 space flights. Thus, in the last six months, the analysis of the Space Shuttle

System has been extended downwards to cover substantially the region between 450 and

(i00 flights. Also shown ill Figure 0.1 arc the then estimated non-recurring costs of
,> two-stage fully reusable Space Shuttle System* as well as tile Space Tug$1,.8 billion for a

and the reqnired installations. We show the estimated ec<)nomic potential of a reusable

Space Transport;uion System in terms of all<>wablc non-recurring costs as a function of sev-
eral economic variables, among them the expected space activiD" level, the social rate of

discount, and the type of cost-effectiveness analysis. The major findings of that eili)rt are:

Tile major economic potential identitied ti)r Space Transportation Syslelns ill the

1980's is the lowering of space progranl costs due t() the reuse, refurl)ishment, and updat-

ing of satellite payloads. The fully reusable, two-stage Shuttle is the major system c(msid-
ered in tile May 31, 1971 report, but not the only system to achieve reuse, retilrbislnnent

and updating of payloads. Payloads were assumed to be retilrbished on the ground, with
relilrbishmenl costs vaITing between 3(1% and 40%. The launch costs of tile Space Shuttle

and Space Tng needed l() recover and place the retiH'hished payloads are also allowed ti)r.

We strongly recommended ill May that other systems be studied to determine tile extent
and tile cost at which they can achieve reuse, refurbishment, and updating of payloads.

* The selected Space Shuttle System is no longer a two-stage fully reusahle system and

has substantially reduced non-re¢"urring coscs [see section 0.2].
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[pages 0-3 and 0-4, Figure 0.1, omitted]

[0-5] Tile cost reductions identified originate in three distinct areas:

(a) The research, development, test and evaluation (RDT&E) phase of new payloads
(satellites);

(b) The construction and operating costs of payloads (satellites) for different space
missions;

(c) The cost of launching payloads into orbit.

The projected non-recurring cost associated with developing the Space Shuttle and

Tug as configured in May, 1971, (a two-stage system) is shown by the economic analysis to

be covered by the identified benetits provided the United States intends to operate a

space program with the number of flights equal to the unmanned space program activi-

ties of the United States in the 1960's. The direct costs (payload and transportation.) of
space activity carried out by a Space Shuttle System are expected to be about one-half of

the direct costs of the current expendable transportation system.

Manned space flight options--for example, a manned hmar option--are also ana-

lyzed. They show that a Space Shuttle System offers economic advantages also in terms of

transportation costs for some large lunar and planetary (or defense) space tlight options
for the 1980's. These advantages were not considered when formulating the basic conclu-

sions of the economic study due to the great uncertainty of these options being adopted
by the United States.

The choice of the social discount rate has a major influence on the economics of a

new Space Transportation System. Diflerences in the rate applied to the analysis outweigh

many other important issues usually raised--and analyzed--in the context of large scale
RI)T&E projects, inchtding tmcertainties in the cost 'data. _s shown in this report, the

social rate of disco!rot influences not only the overall worth o('a new Space Transportation

System, but also the choice of specific tt"chnical contigurations in deciding among aher-
native technical approaches to bring about a reusable Space Transportation System.

Tire May 31, 1971 report concludes 0rat the economic justification of a reusable Space

Transportation System is not tied to tire question of [0-6] manned versus mmlanned space
flight. Space programs used and analyzed art" in line with the activity and flmding levels
of the tmmanned United States space program of the 1.q6()'s (NASA, DoD, and commer-

cial users included). If a substantial number of manned space flights were to be under-

taken in the 1980's, a Space Shuttle System would also contribute significantly to lowering
the costs of such missions and activities.

The May 31, 1971 report analyzes the economicall'¢ allowable nonrecurring cost of a

reusable Space Transportation System. It is the task of'the present report to identi_, the

economically best reusable Space Transportation System among all the possible required
ahernatives.

A m;_jor point (51 the May 31st report is: any investment can only be justified by its
This apl)lies I(5 business as well as to government, hence also to NASA. A new,

,eusable Space Transportation System should only be introduced if it can be shown, con-

chtsively, what it is to he used lot" and that the intended uses are meaningfld to those who
have 1o appropriate the funds, and to those from whom the funds are raised, as well as to

the various government agencies that undertake space activities. The space goals can be

political (riwth T with the space programs of other countries), militaJ T (to meet militatw

space efforts of other countries who use the potential of space to meet needs of nationa'l

security), scientific (tor example, aslronomy), or commercial (tor example, earth

resources applications). All these goals will, of course, be mixed into one national space

program, representing to various degrees a joint demand for space transportation with a
varying mix of payh)ads
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0.2.2 Updated Economic Results on the Economic Worth of a Space Shuttle System

Since May 31, 1971 our efforts concentrated oil two major questions: first, to what
extent is the overall economic worth of a Space Shuttle System modified by new inputs

given to our study; and, second, which of the many alternative Space Shuttle conligura-
tions is the most economical.

The new inputs reflect a substantially modified NASA and DoD Baseline Mission
Model for the 1980's, and make a new assessment of payload [0-7] effects for different mis-

sions; ver_' importantly, new alternative Space Shuttle Systems that still promised the

achievement of most of the objectives of the Space Shuttle program[,] but at consideral)ly

reduced non-recurring costs in the 1970's, were considered.
Table 0.1 shows the estimated complete direct life-cycle costs for a NASA and DoD

U.S. space program from 1979 to 1990 (twelve years) of 514 Space Shuttle flights, or an

average of 43 Space Shuttle flights per year, in this period. This space program is based on
the NASA Baseline Mission Model, including scientific and application missions as well as

some manned space flight activity, and a inodified DoD mission model.
A_scan tie seen from Table 0.1, the same facts hold for the hasis of the economic analy-

sis of the Space Shuttle System as in the May 31, 1971 report:
(1) The Space Shuttle System has substantially higher research, development and

investment costs (non-recurring costs) associated with it than any of the current

expendable or new expendable systems. This remains true, although the non-

recurring costs of the Thrust Assisted Orbiter Shuttle (TAOS) System are sub-

stantially lower than the corresponding fully reusable two-stage Shuttle System

costs of May, 1971.
(2) The TAOS Space Shuttle System promises reductions in the recurring launch

costs of Space Transportation.
(3) The Space Shuttle System promises a reduction in the costs of satellite payloads

through reuse, refurbishment, in-orbit checkout of payloads, and possible updat-

ing and maintenance of payloads in orbit or on the ground.
it is the coInbined rednction in launch costs and payload costs that underly [sic] the

econolnic justifications of the TAOS Space Shuttle System. These lili>cycle costs are the

starting point and the basis of our economic analysis. A wide variety of alternative Space
Shuttle Systems was investigated by us with a wide variety of technical changes when com-

pared with the May, 1971 Space Shuttle confignration.

[page 0-8, Table 0.1, omitted]
[0-91 On each of these changes a substantial set of alternative calculations was made, in

keeping with the analyses and methodology already developed.
The resuhs of the' updated economic analysis are shown in the next three figures. In

14_igl.|re 012 ttl_ estii][late{.t non-recurring costs of ahernative Space Shuttle Systems are
shown on the horizontal axis. These nonrecurring costs include the full non-recurring

costs of the Space Shuttle System with at least the same capat)ilities as those given I)y the

expendable Space Transportation System. Where the economic analysis of a space pro-

gram indicated the continued use of expendable rocketsie.g., Scout Rockets--then
these system costs have been included as Space Shuttle System costs. Similarly, in the time

of the' Space Shuttle System phase-in--to replace expendable Space Transportation
Systems--the cost of expendable systems, as required, is also in____cluded as a Space Shuttle

c_st. Most important, the non-recurring costs of the Space Tug, which gives the Space

Shuttle System the capability to deploy and bring back payloads fi-om all earth orbits when

economi'callyjustitied, are fully included. Finally, the non-recurring costs, as used in our

analysis, also include the costs of tw__oolaunch sites ([Eastern Test Range] and [Western Test

Range] ). It is on the hasis of lhese nonirecurring costs that the economic evahiation of the

Space Shuttle System has been carried ottt.
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The estimated non-recurring costs also include fleet investment. An estimated five

Space Shuttles will he required to flllfill the NASA and DoD Baseline Mission Models for

the 1980's. Fleet iuvestment includes tile orbiter procurement cost for all configurations

considered, but reusable booster costs have been amortized as a recurring cost except for
the manned flyback booster case.

Not shown in Figure 0.2 are the RDT&E and investment costs to the First Manned

Orbited Flight (FMOF) of the Thrust Assisted Orbiter Shuttle (TAOS), estimated now bv

NASA at $5.5 billion. The estimates of ahernative Space Shuttle Systems in Figure 0.2 are
grouped into two classes: first, the ntodified two-stage reusable Space Shuttle Systems that

were investigated in the past monlhs as alternatives to tire two-stage fl_lly reusable Space
Shuttle System of May 31, 1971. These systems all have associated [page 0-10, Figure 0.2,

onfitted] [0-11] with them lower non-recurring costs than tire eslinmte tor tire original
liflly reusable Space Shuttle System. Considerable variation existed with regard to the non-

recurring costs of these modified two-stage (manned hooster) systems. In addition, there-

fore, we show the mean of these estinmtes as well as the slandard deviation (o) of tire

re)u-recurring cost estimates of these systems. ?ks shown in Figure 0.2, the mean of the

non-recurring costs of such modified two-stage Space Shuttle, Systems is $11.5 billion, the
standard deviation is $1.44 billion.

Similarly, also shown in Figure 0.2 are estimated total non-recurring costs of Thrust

Assisted Orhiter Space Shuttle Systems (TAOS) that include a wide variety of technical
choices, all having in common that only tire orbiter is manned, with external hvdro-

gen/oxygen tanks[,] and all are assisted _tt takeoff by either solid rocket motors or "pres-

sure [ed rocket svstems. The mean of the non-recur_{ing cost estimates of such systems is

$7.5 billion. These itrclude abotu $1.6 hillion tot the non-recurring costs of the Space Tug
and the additional required launch site. They also include a fleet of 5 Space Shuttles, each

estimated at about $300 million. When Space Tug and [Western Test Range] costs are
excluded ($1.6 hillion), as well as 3 Space Shuttle vehicles (ahout $900 million), then the

estinmted non-recurring costs in the 1970's (comparable, roughly, to FMOF costs) are esti-

mated to he $5.0 billion (1970 dollars). The standard dcvialiou of this estimate is $900 mil-
lion, again in 1970 dollars.

Using these ahernative Space Shuttle Systems, a comprehensive set of economic analy-
ses was performed along the lines of tire May 31, 1971 report to determine the economic

benefits of a Space Shuttle System. In Figure 0.3 the resuhs of the equal capability cost-

effectiveness armlysis are shown, at a 10 percent social rate of discount, directly compara-
ble lo the resuhs of May 31, 197l as shown in Figure 0.1. The t)enefits are expressed in

Allowable Non-Recurring Costs, thus making the benefits shown directly comparable to
the estimated non-recurring costs of Figure 0.2.

Major variations were introduced in the space prog,'am activities <1t tire 1980s, con-

<enlra[ing on the lower role of expected space activities of tire 1980's and beyond. While
in the May 31st analysis the area of interest--based on historical, unmanned activities of

the United States (and the Soviet [page 0-12, Figure (I.3, omilled] [0-13] Union)--was

contined [o between 500 and 900 Space Shuttle flighcs in the 1978 to 1990 period, the pre-
sent analysis was conlined to look at tire range of Space Shuttle flights hetween 400 and

650 Space Shuttle flights, with major variations in the anab.,sis al 514 and 624 flights.
"I\_'o separate beueiit lines were arrived at and are shm_;n in Figure 0.3: first, tim analy-

sis concentrating around 514 Space Shuttle flights shows the economic resuhs with t l_e

exclusio,] of some DoI) missi<ms that are particularly suited lor Space Shuttle operations;

second, the analysis cnnceutralii)g at around 624 Space Shuttle 11ights takes the same
NASA mission model, now, however, iuclu<ting <m lhe DoD side the missions omitted in
the th'st analysis.

Wilh regard Io the lower hcllCfi[ line, we conclude lhal at 514 flights in lhe 1979-1990

pcrio<t, [he eslimated benefils oft Space Slmtlle System are $10.2 billion in 1970 dollars
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with a variance of $940 million expressed ill allowable non-recurring costs. The econom-

ic "break even" point is reached at an annual space activity level of about 30 Space Shuttle

[lights, carwing satellite payloads. This annual level of NASA and DoD space activity in the
1980's and beyond will justin' the development of the TAOS Space Shuttle at a social rate

of discount of 10 percent.
When, oll the other side, Space Shuttle related DoD missions are included, the eco-

nomic analysis sho_, at 624 Space Shuttle flights in the 1979 to 1990 period, an estimated
benefit of $13.9 billion of allowable non-recurring costs, with a standard deviation of

+_$1.45 billion. As acti_"ity levels are increased or decreased around these space programs, the

expected benefits of a Space Shuttle System increase or decrease as shown by the two bene-

fit lines in Figalre 0.3. The TAOS Space Shuttle System will "break even" at an annual activi-

ty level of about 25 Space Shuttle flights, carrying satellite payloads, when the "624" mission

model is taken as representative of U.S. space activities in DoD and NASA for the 1980's.

Again, we want to emphasize that these results reflect the benefits of a Space Shuttle

System when applying a 10 percent real social rate ot discount to the complete economic

[0-14] By combining Figures 0.2 and 0.3 we can directly judge the results of the econom-

ic analysis of a Space Shuttle System.
In Figure 0.4, we show on the vertical axis the estimated nonrecurring costs--as devel-

oped in Figure 0.2--and also the benefits of a Space Shuttle System in terms of"allowable
non-recurring costs" as developed in Figure 0.3. The estimated non-recurring costs of the

TAOS Space Shuttle Systems are emphasized and the expected standard deviation of these

costs is shown by the shaded area around the non-recurring cost estimate of TAOS.

Similarly, the benefit lines as developed in Figure 0.3 are shown; the standard deviation
around these estimates is indicated again by the shaded areas.

From the results as shown in Figure 0.4, we conclude that the development ofa TAOS Space

Shuttle S_,stem is economically justified, [italics added for emphasis; original was all capital let-

ters] within a level of space activities between 300 and 360 Shuttle flights in the 1979-1990

period, or about 25 to 30 Space Shuttle flights per year, well within the U.S. Space

Program including NASA and DoD. If the NASA and DoD mission models are taken at
face value (624 Space Shuttle flights in the 1979-1990 period), the estimated benefits of

a Space Shuttle are 13.9 billion with a standard deviation of +_$1.45 billion expressed in
1970 dollars (at a 10% social rate of discount). If parts of the expected U.S. Space

Program are substantially modified (514 Space Shuttle flight level in the 1979-1990 peri-
od), the estimated benefits of a Space Shuttle System are $10.2 billion, with a standard

deviation of $940 million (at a 10% social rate of discount).
The estimated non-recurring costs directly comparable to the benefits expressed in

"allowable" non-recurring costs of a TAOS Space Shuttle System are $7.5 billion with a

standard deviation of $960 million.

Since the complete economic evahmtion of the Space Shuttle System as summarized

here reflects the results when using a 10 percent real social rate of di.scount, the economic results in

support of the TAOS Space Shuttle development have to be regarded as vet), stronff in the context Of
United States national priorities. [italics added tbr emphasis; original was all capital letters]

[page 0-15, Figure 0.4, omitted]
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Document I1-11

Document title:James C. Fletcher, Administrator, NASA, to Caspar Wo Weinberger, Deputy
Director, Office of Management and Budget, December 29, 1971.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

Under continuing pressure from the White House Office of Management and Budget to lower the

development costs of a ,Space Shuttle, NASA in late December 1971 reluctantly changed its recom-
mended Shuttle configuration to one with a smaller payload capacity, l_l this lett_ NASA

Administrator James Hetcher made what he believed to be NASAI_ .final arg'umen_ fin Shuttle

approval by the White Hoz_w. The debate over which Shuttle eonfi,Curation to approve continued over

the New Year's weekend. On January 3, NASA learned that it had received presidential approval to
develop its "best buy" Shuttie, rather than the smaller system recommended in this lett_ 147_ile the

development costs prql'ected firr the Shuttle in Fletcher _ letter were not greatly _f[the system _final costs,
the costJ)erflight estimates proved to be much lower than the actual expense.

[1]

Washington D.C. 20546

OFFICE OF THE ADMINISTRATOR

Itonorable Caspar W. Weinberger
Depu_, Director

Office of Management and Budget
Executive Ottice of the President

Washington, D.C. 20503

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

December 29, 1971

Dear Cap:

The purpose of this letter is to report the results of recent studies of several space shut-

tle options, and to recommended a course of action to be taken in the FY 1973 budget.

SUMMARY

We have concluded that the tull capabili_, 15 x 60' - 65,000# payload shuttle still rep-

resents a "best buy," and in ordinary times should be developed. However, in recognition

of the extremely severe near-term budgetary problems, we are recommending a somewhat
smaller vehicle--one with a 14 x 45' - 45,000# payload capability, at a somewhat reduced
overall cost.

This is the smallest vehicle thai we can still consider to be use[hi for mamled flight _s well

as a variety of unmanned payloads. However, it will not accommodate many DOD payloads

and some planetary payloads. [2] Also, it will not accommodate a space tug together with a

payload, and _ill therefore not provide an eifective capabiliB, to return payloads or proptfl-

sive stages tiom high "synchronous" orbits, where most applications payloads are placed.
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BACKGROUND

Earh' in 1971, after completion of feasibility studies, NASA focused on a shuttle con-

figuration that would replace all of the existing launch vehicles (except the very small
Scout, and the very large Saturn V); would provide for a continuation of manned space

flight; and would have the lowest possible cost per tlight. This contiguration has a 15 x 60'

- 65,000# payload bay; a ve W large orbiter; and a huge fly-back booster. It would cost

$10 billion to develop, and $4.1 million per tlight.
We then set out to optimize the configuration for the best balance beBveen develop-

ment cost and operating cost, while retaining the full 15 x 60' - 65 000# {apability [3] that

is required to accommodate all NASA and DOD payloads. The result: a much smaller
orbiter with external jettisonable tanks; and a ballistic reusable booster. The development

cost was cut nearly in half, to $5.5 billion, while the cost per flight increased to $7.7 mil-

lion. Ahhough the cost per pound of payload in orhit increased front $63 to $118, we felt

this to be worth the huge savings in development cost.

During the course of our studies ms well as at the request of the "Flax Conmtittee" we

also looked at smaller payload compartments. More recently in a meeting with Don Rice,
we were asked to examine shuttle costs with an even smaller performance capability.

Specifically, we were asked 2 1/2 weeks ago to look at a 10 x 30' - 30,0(}0# payload capa-
bilitv, with the added guideline that the development cost should be less than $4 billion,

and'the cost pet" flight less than $5 million. (We have not been able to meet these cost

ohjectives.) We have now compared costs and payload capabilities of frye ditI2crent shuttle

options, and have reached certain conclusions.

[4] RESUIXS OF RECENT STUDIES

Payload Capabilities.': We analyzed five difl'erent shuttle options, with different payload

hay sizes and payload weight carwing capabilities. There are:

Size Payload '0.k.igh t*

Case l 10 x 30 30,000

{;asc 2 12 x 40 30,000

Case 2A 14 x 45 45,000

Case 3 14 x 50 65,0{}0

Case 4 15 x 60 65,000

[* in equivalent "{lttc cast" ort}iks]

Case 4 is the hasic shuttle configuration, and will accommodate all NASA and D()D pay-

loads. None of the other configurations will do this.

As the l}ayh}ad bay is decreased in len_gLh_, many of the DOD payloads are eliminated

at the 5{)-f{}ot length, as are some NASA planetmT l}ay loads. At the 50-foot length we also

lose the capat}ility to tly a space-tug/'payh}ad combination for synchronous orhit applica-

li{ms t}avloads.
A 4:_}-foot length at}pears to be the minimum practical size for many manned space

tlight m{}dules, as well as many [5] space science payloads, and applicali{ms payloads, with
a one-way delivmT capability. The 30-R}ot length eliminates nearly all DOD payloads, some

importaI_t space science payloads, most applications payloads, all planetary payloads, and

useful lnanned n{}dttles.
A similar analysis shows that the space shuttle bav diameler should be 14'. This

requirenwnt stems pri narily from manned tlight consi{terations. The proposed l{)-foot
diameter would lead to an otttside module diameter of 9 feet ( l-fool clearance require-

ment), and an inside diameter of 8 feet. By tit{" time this is "squared ott7' cahling and



EXPI.OR[N(;THEUNKN()k._,,'N 247

plumbingareadded,aswellasconsoles,cabinets,andotheraccommodations,thissizeis
unacceptable.NotealsothatSkylabis22feetin diameter,andtheApolloCommand
Moduleis 13feet.Somescience,applicationsandplanetarypayloadsarealsobetteraccommodatedina 14-footdiameter. " '

The payload _ requirement of 60,I)00 to 65,000 pounds was set by the space tug

as well as by DOD payloads Vv'ithout the tug, the manned modules establish a require-
ment [6] of 45,000 pounds. (Actually these modules will only weigh 15,000 to

20,000 pounds. However, they must be boosted to an orbit of 270 miles at a 55-degree

inclination; this requires an equivalent "due east" payload capahility of 45,000 potmds).

In summat-y then, if a decision is made to develop a shuttle with less than fitll payload

capahility, the 14 x 45' - 45,000# option appears to be the minimum usefirl configuration.
It will not handle many DOD payloads; it will m)l handle some planeta O, payloads; and it
will not handle the space tug in combination with a payload However, it will accommo-

(late manned spaceflight modules, a one-way capahilily to synchronous orbit for civilian

applications payloads, most other NASA payl'oads, and somc DOD payloads.
Cost Comparison: The results of the slutties, in terms of costs, are shown ira the

attached table. (The definitions of "developmcnl" and "(>perating" costs are lhe same as

used in previous studies and discussions. Amounts are in 1971 dollars.) The cost trends

shown were established [7] independently by NASA and by two contractors. The main

((mch_sion is that development costs (Io m)t va_)' sh,rrply from one option to file next--
cost diftk_rences between a(!jacent options are about $200 million.

In other words, the most important cost redtlctions were achieved through the basic

configuration changes (with the same payload capability) undertaken by NASA during the

past year. A variation in payload size and weight has only smaller effects on development
cost. For this reason, the firll capability shuttle must still be considered to be a "best buv."

Development cost, fi)r any given shuttle size, can be fltrlher reduced by using solid
rocket motors instead of the presstrre-led liquid reusable bo()sler. For the 14 x 45' -

45,0(}0# shuttle we estimate that the development cost could t)e reduced from $5 billion

to $4.3 billion. However; this would he at tire expense of increased operating costs: fiom
$7.5 million l)er flight to $10-$13 million per" flight.

[8] RE(]OMMENI)ED SHUTTLE

On the basis of the studies just completed, NASA would ordinarily recommend pro-
ceeding _4th the lifll capability 15 x 60' payload shuttle. Howeven in recognition of severe

bu(tgetar), pressures we have (onchlde(t that a lesser capahility slill provides a usetifl vehicle,

and thereti)re recommend proceeding with tire 14 x 45' - 45,00(1# shuttle. With a pressure-

tk_(l liquid booster, this shuttle is estimated to cost $5 I)illion to (tevelop and $7.5 million per
tlighc

BOOSTER ()PTIONS

The question of a liquid as opposed Io a solid booster is not yet completely settled.
There are some ot)en technical questions concerning noise, iuterference effects, thrust-

vector-control reqtrirements, and quality control requirements for manned tlights. Also,
differences in operating costs hawe not yet been determine(I with accuracy. For these rea-

sons, we recommend that two booster options shoul(l t)e considered ti)r the next two
months in conjtmction with the recommen(led orbiter.

They are:
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[9] Option 1 - Pressure-fed liquid booster

- Shutde development cost $5 billion

- Shuttle operating cost $7.5 million/flight
(There remain some uncertainties that might drive this as high as

$9 million/flight.)

Option 2 - Solid rocket motor booster
- Shuttle development cost $4.3 billion

- Shuttle operating cost $10--$13 million/flight

We would then select the appropriate booster on o, about March 1, 1972, based on tech-

nical considerations, as well as the best balance between minimum development and min-

imum operating coslLs.

FUNDING CONTINGEN(_

The cost figures mentioned so far represent NASA's best estimate of the actual costs

expected during the course of the shuttle development. They are based on actual experi-
ence in NASA and DOD aircraft and space programs, and in addition contain a 15% fac-

tor fl)r research and development changes. It is our intention to manage the progFam to

bring it in at those costs.
[10] Nevertheless, we believe that we should include a contingency against futnre cost

growths due to technical problems, in recognition of the vm T advanced nature of this

developnlent. We believe a 20% contingency would be approtn-iate. Approval of a $5 bil-

lion program would thus constitute a commitment by NASA to make eve D' efl()r! to pro-
duce the desired system for under $5 billion, but in no case more than $6 billion.

DECISION TO PROCEED

The various shuttle studies have progressed to the point where a decision u) proceed

with full slntllle development should now be made.

Furdwr delays would not produce significant new resuhs. The orbiter is fully (lefined.

Ahhough a question of solid versus liquid boosters remains open, the range of variahles
involved in the booster decision is not large, and a decision can he made at an early date.

No substantial cosl savings can be realized by further studies. (All of the most recent cost

refinements for a given payload size have been less than the overall cost uncertainties

inherent in a large R&D undertaking.)
[ 11 ] ()n the other hand, additional delays would have many unsettling etlects. In the aero-

space industry, the existing shuttle teams will soon be dissipated, unless fully funded by

the government. Last year's strong Congressional support for the shuttle may be lost this

,,+ear if the Administration cannot present equally strong support. And within NASA, many

_[" the best people will be lost, with a resulting loss in overall nlorale.
In other "_VOl(ls, there is a greal deal to be gained, and nothing to be lost, by making

a decision to proceed now.
Elements of the Decision: The decision would entail the lollowing elements:

1. A statement that shuttle development will proceed.

2. That the orbiter payload b W size should be 14 x 45" - 45,000 pounds.

3. That NASA will commit to do the job for a development cost of $5 billion (plus a

maximum contingency of 1 billion) tot the liquid booster option (less lot the
solid booster option); and that NASA will select the proper booster on the

[12] basis of technical considerations as well an the best halame between mini-

mum development and operational costs.
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Required Actions: To implement this decision, the following actions are required:
1. By OMB: inclusion of $200 million R&D fimds plus $28 million [Construction of

Facilities] 11mds, together with appropriate narrative, in the FY 1973 budget.
2. By NASA:

(a) Notification of contractor of intent to issue RFP in March, 1972.

(b) Selection of one of two booster options by March, 1972.

(c) Contractor selection in June or July 1972.

I look forward to our meeting this afternoon, and will then be able to answer any ques-
tions you may have. •

Sincerely,

James c. Fletcher

Administrator

[no page number] _RESULTS OF STUDIES

CASE

PAYLOAD BAY (FT.) 10 X 30 12 X 40 14 X 45 14 X 50 15 X 60

PAYLOAD WEIGHT (LBS.) 30,000 30,000 45,000 65,000 65,000

DEVELOPMENT COST 4.7 4.9 5.0 5.2 5.5
(BILLIONS)

OPERATING COST 6.6 7.0 7.5 7.6 7.7
($MILLION/FLT.)

PAYLOAD COSTS 220 223 167 115 118
(S/POUND)

Document 11-12

Document title: Arnold R. Weber, Associate Director, Office of Management and Budget,
Memorandum for Peter Flanigan, "Space Shuttle Program," June 10, 1971, with attached:
"N ' • •

ASA s Internal Orgamzatmn for the Space Shuttle Project" and "NASA's Space Shuttle
Program."

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

An issue (( political interest to the I4q*ite House during the debate over whether to approve Space
Shuttle development was the potential employment impact of the program. This was particular& the

case because, i/approved, the pvgram would begin during the 1972 presidential election _ear "Peter

blanigan was President Nixon's assistant with oversight responsibility,fi_r NASA.
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Ino page number]
EXECUTIVE OFFICE OF THE PRESIDENT

OFFICE OF MANAGEMENT AND BUDGET
WASHINGTON, D.C. 20503

MEMORANDUM FOR PETER FLANIGAN

Subject: Space Shuttle Program

Attached are the two papers on tile impact of the space shuttle on the aerospace

industry which you requested.
You shovld'be aware that these employnlent estimates are prelimimnT- :cs tile paper

indicates no decision on development has been made. The critical contractor selections

will not be made until the Administration has approved the project. NASA expects

approwd in August, but it may be delayed until late 1971 when the 1973 Budget is decid-
ed. If tile decision is delayed the employment impacts will also be delayed by approxi-

mately 6 months.

Arnold R. Weber

Associate Director

Attachments

g*@@@@*@*@

Ino page number] June 10, 1971

NASA's Internal Organization for the Space Shuttle Project.

NASA has decided that the responsibility for program manage-ment of the space shut-

tie (including systems engineering and coordination of field center activities) will he

assigned to the Manned Spacecraft Center (MSC), Houston, Texas. The major considera-
tion in this decision was the determination by NASA's top management that a field center

should have this responsibility and that a large project management organization (like

that of the Apollo program) should not be established at NASA headquarters in

Washington. The NASA decision reflects a conclusion on the part of NASA management

that the responsibilities for integration and coordination of the shuttle program should

be directly carried out by a field center which has sufficient technical competence to run

the program.
Because of their technical capabilities and unique experience in the manned space

program, the only centers seriously considered for assignment of the shuttle management
responsibility were MSC, Houston, and Marshall Space Flight Center (MSFC), Huntsville,
Alabama. The decision to award the program management and coordination responsihil-

ilv to MS(;, Houston, was made on the basis that MSC had the most experience applica-

hie to the particular portion of the space shuttle program which is likely to be the most

difficult to accomplish, namely the orbiter. NASA also feh that with the assignmem of

responsibility for the development of the shuttle engine and booster to MSFC, Humsville,

together with continuing Skylab responsibilities at MSFC, thal the workload balance
would be better if MS(; received the overall program management assignmem.

The entployntent impact of this decision is minimal because the responsibili_' will be ful-

iilled by reassignments of personnel currently at MSC. Of course, this aflecls only the NASA

organization and management responsibilities. No decision had yet been made on which
contractors would be ulilized tot the shuttle, assuming the shuttle prognun is approved.
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NASA has two tmmanned space flight centers in California. The.Jet Propulsion Lab in
Pasadena and tile Ames Research Center in the Bay area. These centers do not have the

capability to manage a maimed space flight program _of the magnitude of the space shuule.

[1]
NASA's Space Shuttle Program

The space shuttle would be a reusat)le space transportation system, consisting of an
orbiter and a booster, which wotfld carry NASA and DOD payloads to and from earth orbit

beginning in 1979. The shuttle would'replace all but the very smallest and vm T largest

(Saturn V) expendable rockets. The investment costs (research and development, facili-

ties, and initial tleet) of the shuttle would be about $14 billion through FY 1979 when the
shuttle would, under NASA's schedule, become operational.

Thus fat', the Administration has not approved NASA's plan tot the fiflly reusable shuT-

fie. The 1972 budget provides $100 million for initial development of the engine (the

longest lead-time item) and continuing design of the shuttle airfi'ame. However, the initi-
ation of development of the airframe is contingent upon favorable assessment of techni-
cal and economic studies and a positive decision by the Administration that NASA can

proceed with fullscale development. NASA is now completing the various studies require<l
including an economic analysis.

1. Et___gines

NASA intends to announce a contractor selection on the engine near the end of.June.
This is a firm date based on presently budgeted funds. There are three contractors cur-
rently competing for the engine contract:

a. Aert)jet (;eneral . . . Sacramento, California

b. Rocketdyne (North American Rockwell) . . . Canoga Park, Calilbrnia
c. Pratt and Whitney... West Pahn Beach, Florida

Anticipated Employment:

6_LZt 1_2/_2! ilL22 l__akZa
500 1500 2500 3500

2. Airframe

NASA's current schedule calls for an Administration decision on the shuttle airframe

in August, followed by issuance of a Request for Proposals (RFP) in early September, and

contractor selection in Decembm: However, in order to look at ahernative phasing plans,
NASA is [2] seriously considering stretching out this schedule by several months. There

are currently two contractor teams competing for the major shuttle contract (airframe):

1. Mcl)onnell Douglas . . . Los Angeles, California and St. I,ouis, Mo.
2. North American Rockwell . . . I,os Angeles, Calitbrnia

If NASA received the go-ahead decision on the airframe in Sel)tember the fi)llowing
contractor employment pattern w<>uld be likely:
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Anticipated Emplo_nent:

Decision Time 6/71 6_L72 1_2222

Angalst 1971 500 1500 4000 7000

January 1971 500 500 1500 4000

Thus, although a peak of 70,000 jobs might ultimately result from tile shuttle in the

mid-1970's, the number of actual jobs by the end of (N 1972 would be relatively small.

3. Launch Site

A NASA evaluation group is reviewing alternative launch sites inclnding Cape

Kennedy, Fla[.]; Edwards Air Force Base, Claifornia [sic]; White Sands, N.M.; and
Wendover Air Force Base, Utah. From a cost standpoint, Cape Kennedy has the advantage

(investment cost of $3-400 million vs. $800 million-S1 billion required elsewhere). A rec-

ommendation is expected in September.
There would be no employment impact at the launch site during 1972. Employment

would peak at about 6,000 in 1980.
Alternatives to NASA's current plan which would decrease near-term costs and

emplo_,ment include a phased development of the shuttle (orbiter first), a partially
reusable shuttle with expendable drop tanks, and improved fiflly expendable rockets. The

FY 1973 budget will be a key decision point for the shuttle alternatives.

Document 11-13

Document fide: James C. Fletcher, Administrator, NASA, to Caspar W. Weinberger, Deputy

Director, Office of Management and Budget, January 4, 1972.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

On December 29, 1971, NASA provided the Office of Management and Budget (OMB) its recom-

mendation that a Space Shuttle with a smaller 14-foot-by-45-foot payload bay be da,eloped. At a

.plnuary 3, 1972, meeting in the office of OMB Director George Shultz, NASA learned that the White

House, and perhaps President Richard Nixon himself, had decided to g_ve NASA approval to deveL

op the "]ull-size" Shuttle that the space agency had been advocating prior to its December 29 recom-
mendation. There were a variety, of programmatic reasons for thi_ decision. In addition, there zoos a

desire among Nixon _spolitical adviso_:_ to beg_n a major aerospace project during the 1972 [rre3iden-

tial election year. (Congress had canceled the Supersonic Transport pn_gram in 1971.) Such a project

would have important employment impacts in key electoral .states, such as 7?xas, California, and

14_zshington.
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[l]

WASHINGTON, D.C. 20546

OFFICE OF THE ADMINISTRATOR

Honorable Caspar W. Weinberger
Deputy Director

Office of Management and Budget
Washington, D. C. 20503

Dear Cap:

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

January 4, 1972

The purpose of this letter is to document the decision reached yesterday concerning
the space shuttle.

NASA will proceed _ith the development of the space shuttle. Tile shuttle orbiter will

have a 15x60-foot payload bay, and a 65,000-pound payload capability. It will be boosted

either by a pressure-fed liquid recoverable booster or hy solid rocket motors. NASA will

make a decision between these two booster options before requests for proposals are
issued in the spring of 1972.

NASA and industl T will also continue to study, for the next several weeks, a somewhat

smaller version of the orbiter, with a 14x45-foot, 45,000-pound payload capability, with the

pressure-fed liquid and solid rocket motor booster options. The main purpose of studying
this smaller shuttle is to deternfine whether or not significant savings in operational costs
can be realized, with solid rocket motors, at this smaller size. The decision between tile

larger (15x60 - 65,000#) and smaller (14x45 - 45,000#) shuttle will also be reached by
NASA betbre requests for proposals are issued in the spring.

The basic decision to proceed with the shuttle development will be announced by the

White House. Follo_fing that announce-ment, NASA will intbrm the aerospace industry" of
the details of tile decision, as stated in this letter.

[2] Thank you for your support in bringing about the decision to go ahead with the
space shuttle.

Sincerely

James C. Fletcher
Administrator

Document11-14

Document title: James C. Fletcher, Administrator, NASA, to Caspar W. Weinberger, Deputy
Director, Office of Management and Budget, March 6, 1972.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington D.C.

With this lette_; ,M_SA in/ormed the Office of Management and Budget (OAIB) about its final choice
of a ,Space Shuttle configuration, as well as the reasoning behind that choice. The key was the desire

to hold down development costs, even if that meant higher per-flight costs for the Shuttle because of the

choice q[.soli&/ueled rather than liquid-fueled booster_. The letter aL_o reflected the continuing tension
between NASA and OMB with respect to the budget committed to the Shuttle program--an issue that

was to continue to constrain the program during its development.



254 I)EVEI.(WIN(; rt I_: S_'A(:_:S__t _'ri'l _l,"

[1l
WASHINGTON, D.C. 20546

OFFICE OF THE ADMINIST P_\TOR

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

MAR 6 1972

Honorable Caspar W. Wemberger

Deputy Director
Office of Management and Budget

Executive Office of the President

Washington, D.C. 20503

Dear Cap:

With regard to the space shuttle, we decided in George Shultz' office on Janua_' 3

that we would develop a shuttle with a 15x60' - 65,000# payload capability. At that time I

urged that we look filrther at what kind of a booster to use--liquid or solid--and decide
that issue in the spring. In addition, l proposed at that time that we would continue to

look at a somewhat smaller size shuttle (14x45' - 45,000# payload) tor the sole purpose of

determining whether or not, if we choose the solid booster, substantial cost savings could

be obtained from the use of the smaller vehicle.
Our studies have now been completed, and we have reached the following conclusions:

1. The use of solid boosters in the parallel staged configuration represents the opti-

choice from combined technical and budgetary points of view.

mu2. Our prior decision to incorporate the larger payload capability is confirmed by our

subsequent analysis from an overall program point of view, notwithstanding our choice of

the solid rocket booster.
We plan to announce these conclusions shortly bet_)re or at a hearing before the

Manned Space Flight Subcommittee of the House Committee on Science and Astronautics,

scheduled for March 16, 1972. Issuance of the RFP will come as soon as [2] possible there-

after. As l told you earlier, the Committee has demanded a firm decision by the time of our

appearance regarding shuttle configuration and choice of booster. In order to assure time-

ly passage of the President's shuttle program by the Congress, our legislative experts believe
it essential that the Committee's finn deadline be met. Since we met last Friday, a schedul-

ing problem with ()all" Senate Authorization Committee has also developed. This may

require an announcement of the decision on March 15, one day earlier.
The decision concerning liquid or solid boosters was a difficuh one. It involves a

trade-off between future benefits (at the time the shuttle becomes operalional) and earli-

er savings in the immediate years ahead: liquid boosters have lower potential operating
costs, while solid boosters have lower development costs. The decision concerns develop-

ment risk which is lower tor the solids because the tectmical unknowns are less, and also

risks in operational costs which favor the solids because the economic exposure of failing

to recover a booster is much less.
Another approach in reaching this decision involved adding all costs together----devel-

opment, investment and operating. However, the conclusions here are heavily dependent
on the mission model, with the liquid booster favored if we assume a large number of

tlights per year, and the solids if the number of tlights per year is less.
Based on the resuhs of our contractor studies and our inhouse estimates, and with our

great concern about holding down development costs in these years of tight fiscal con-
straint, our decision must be in favor of the solid booster. We feel quite confident of being

able to develop the solid-boosted shuttle for less than the $5.5 billion committed to you

lastJanua_' and hopefully, when we have developed the data more tirmly we may be able_
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to commit to a smaller overrun amount that the 20 percent mentioned ill my January 23
letter. [underlined by hand] " '

[3] From the budgetary point of _Jew, perhaps the most important consideration is that

we have selected the configuration which, tor a given payload size and weight, entails the

lowest development cost. Thus there would seem to be no budgetary interest in filrther
delay.

Our reaffirmation of the payload size is based on the facts that the differences in

development and operational costs between the larger and smaller versions have been ver-

ified to be very small; that these savings would nowhere near compensate for the lhture

savings that would be lost because of the many important payloads which cannot be

accommodated in the smaller shuttle; and that the President's expressed desire to make

the shuttle a usefifl vehicle for military space operations could not be fulfilled with the
smaller shuttle.

George Shultz' letter of Febrtm D- 16 transmitted a number of detailed questions on

matters relating to the booster decision and payload size reaffirmation. We intend to pro-
vide answers to as many of these as possihle betbre March 15 but, because of the short

timetable under which recent studies have been made, the bulk of the material needed

for proper response will not be finalized tor submission to _,our office until March 13.

George Low has arranged to meet with Don Rice on March 7 to present and discuss the

material then available and to identify on a timely basis any matters of special concern.

We will present our plans, along with supporting dat_, to members of your staff, to

other members of the White House who have been involved with the shuttle, and to a staff

committee of outside experts which will convene after March 10 to review in depth our
conclusions and considerations which support them.

During our meeting of March 3, 1972, we also discussed another matter: that of an

expenditure ceiling o{ $3.2 billion of outla_ during the time of shuttle development stat-

ed as a "previous understanding" in George Shuhz' letter of [4] February 16. I told you

that this had not been my understanding; instead I had planned on our new obligational
attthorit_ to remain essentially constant at the 1_' 1973 level--S3,379 billion---_wer the

next several years. You and I did not settle this matter, but you agreed that the issue is sep-
arate from the shuttle decision and should be considered later in the context of the FY
1974 budget, and not now.

In summalT:

1. V_ plan to develop a shuttle making use of solid boosters in the parallel-staged

configuration. From the hudgetaD_ point of view, this is the lowest development cost
option.

2. Our analysis has reaffirmed the previous conclusion reached in January that the
shuttle should have a 15x60, 65,1)00# payload capability.

3. We need to iron out our differences concerning NASA's constant budget--whether

this is based on FY 1973 outlays or [new obligational authority]. Howeveq you have agreed
that this is not an issue involved in this immediate decision--it will be discussed in terms

of ttae FY 1974 budget preparations at a later date.

We look forward to working with you in the flltttre as we have in the past toward the
success of this most important program.

Sincerely,

James c. Fletcher
Administrator
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Document 11-15

Document title: James C. Fletcher, Administrator, NASA, to Senator Walter F. Mondale,

April 25, 1972.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

Democratic Senator Walter Mondale of Minnesota was a skeptic with respect to the wisdom of devel-

oping the Space Shuttle fiom the time the program wrts first proposed in 1970. In this letter to
Mondale, NASA Administrator Fletcher provides a top-level overview of the expectations for the

Shuttle program shortly, after it was approved to, President Nixon, as wall m a final configuration
selected. The March 15 Appendix to the Space Shuttle Fact Sheet to which Fletcher refers as an enclo-

sure does not appear here.

[11 NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Washington, D.C. 20546

April 25, 1972

OFFICE OF THE ADMINISTRATOR

Honorable Walter E Mondale

United States Senate

Washington, D.C. 20510

Dear Senator Mondale:

This is in filrther response to your letter of February, 23, 1972, on the space shuttle.

The answers to your 22 questions are numbered as in your letter; to save space I have given

a brief indication of the subject of each question in lieu of repeating the question in its

entirety. All cost estimates are stated in current dollars.

1. Projected Costs of the Space Shuttle

The estimated costs of the space shuttle program are as given below. These estimates

correspond to those in the Appendix to the Space Shuttle Fact Sheet, as revised

March 15, 1972 (copy enclosed).

a. Development and initial investment costs:
(1) Development cost, based on the use of the recoverable parallel-burn solid

rocket motor booster configuration now selected, and with prudent provision

for potential cost increases as development proceeds... $5.15 billion

(2) Facilities costs for development and initial operations, including launch and

landing facilities to be provided at the Kennedy Space Center... $.3 billion

[21 (3) Investment for initial operating inventol T. This is subject to futtne decisions

based on requirements in the late 1970's and early 1980's. On the reasonable

assmnption that 3 production and 2 refurbished orbiters will be needed, we

have allowed in our projections a total of... $1.0 billion

Total development and initial investment $6.45 billion
b. The later additional investment costs required at and after the end of this decade

to fly a reasonable mission model all throtLgh the 1980's are estimated at $1.6 bil-
lion. This amount includes the $500 million estimated to be required fox the sec-
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C.

d.

ond operational launch and landing site, to be located at Vandenberg AFB,
Calilornia, and provision for tile development and investment costs of the reusable

space tug required for more economical operations at synchronous orb t

Shuttle operating costs are estimated at $1{).5 million per flight. These are not

costs of the space shuttle program but will be part of the cost of the space missions
to be flown just as tim cost of the Titan Ill C launch vehicles which will be used

in the Viking program is considered a part of the cost of the Viking program. For

each mission, the shuttle operating costs will replace tim costs of the expendable
launch vehicles that would otherwise t)e used.

AI__Iof the costs of the space shuttle program, plus all of the development and

operating costs of a t)alanced tolal space program using tire space shuttle, can be

accommodated within a total space budget (NASA, DOD, and other users) which

does not exceed tire current total annual level (in current dollars). Approwd of

the space shuttle program does not represent a "t)uih-it)" commitment to higher
space budgets in thture years.

2. Future Bridget Requests tor Space Shuttle

Tim annual budget requests for the space shuttle fi)r the next six years will rise from

the $228 million in the FY 1973 budget to a peak of about $1.2 biliion in [3] FY 1976

and FY 1977 and then decline. As I have testitied to the responsible Congressional

Committees in their review of NASA's FY 1973 budget, all expenses of the space shut-

tie program and the other elements of a t)alanced total NASA program can be accotn-
modated within a total annual NASA I)udget at the $3.4 bullion level reconnnel)ded

by the President for FY 1973 (in current dollars). Again, approval of the space shuttle

does not represent a "tmilt-in" commilment t¢) higher NASA budgets in luture years.

3. Costs of "Old" Shuttle and Letter to N.Y. Times

]ks I have testified on a numl)er of occasions, our studies dttrilrg the past year showed that

the deveh)pment envisaged a year ago (fidly reusable with fly-back booster) would have

been about $10 billion, ahnost m_ice tire $5.15 billion cost of the configuration we are
now proceeding with. tloweven the figures of "$10 to $14 billion" mentioned in my let-

ter to the New _brk Times otJanual T 28, 1972, were not NASA's figures but uvre tigures

which had been used erroneously in an article in the Times. The purpose of my leller
was to correct the misundersumding m4denced by the use of these figures by tim Times.

4. Space Shuttle Booster

The decisions on tim shtmle booster contigurations which were noted as open in the
statement issued Januaw 5, 1972, have now been made and were announced on

March 15, 1972. A parallel burn configuration trsing two solid rocket motors designed

lot waler rt'covery, refurbislnnent, and subsequent rm,se has been seh:cted. In our
Ct+)sl eslilllillitlg Wt+ havc assrnncd 20 t-euses.

5. (;()st of Shuttle Flights

The major elements of the cost-per-shuttle flight are the refurtfishment of the <)rbiter

after each llight, the replacement of the orbiter's hydrogen-oxygen tank that is
expended on each flight, arid the recovery and refllrl_ishmcnt of the solid rocket

booster. The $10.5 million cost-per-shuttle flight is based on a careful assessment of

NASA and contractor stttdies of each of the principle elements of cost. Since some of
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{5.

7.

8.

9.

these [4] elements are related to the in(lustrv competition tor the shuttle develop-

ment contract now underway, we are tbllowing the policy of not making the details of

our estimates public at this time.

Lower Payload Capabilities

NASA and industry have made exhaustive studies of the effects of lowering the payload

capability of the sl_ace shuttle. The results established that savings in developlnent cost

were relatively small and that the reduction in pwload capability would result in a sub-
stantial net increase in the cost of the overall space program throt, gh 1990.

Requirement for 65,000 Pound Payload Capability

The requirement tor a 65,000 pound payload capability, for the shuttle results fiom
consideration of (1) the maximum single inission weight requirements that can rea-

sonably be expected in the 1980's and beyond, and (2) the shuttle pertormance

required to place lighter payloads in higher altitude and higher inclination orbits.

Shuttle capabili_ equivalent to 65,000 pounds launched due east in a 100 nautical

mile orbit will be required tot a number of other missions. Examples are earth

resources types of satellites exl)ected to be in use in the early 1980's. These satellites

are expected to weigh about 6,000 pounds, but because of the high inclination and

high altitude of the orbits required, and the weight of the propulsion stage required
to reach these orbits, the shuttle capabilities required correspond approximately to

the 65,000 pound, 100 nautical inile due east capability that has heen specified for the

space shuttle.

Cost pet Pound in Orbit

Cost per pound in orbit when fully loaded is simply an index of the efficiency of a
launch vehicle. [5] This amount is computed by di_4ding the average cost per launch

into the total weight the launch vehicle can place in a standard reference 100 nautical

mile due east orbit. This index is one of many indicators which show the relative effi-

ciency of the space shuttle compared to current expendable launch vehicles. The index

of $160 pet pound [br the space shuttle compares to an updated estimate of $900 per

pound for the Titan Ill C, the most efficient cnrrent launch vehicle hy this standard.

The shuttle does not have to be fully loaded to achieve economies, any more than a

230 horsepower car has to be operated at full power to be ettlcient, or a 150-passenger

airplane has to be fully loaded to show a profit. With the loadings required to carry

out the specific mission models studied, it was tonnd that savings averaging one bil-

lion per year would resuh fl'om use of the shuttle.

Savings in Space Transportation Expenses

l'he savings the shuttle will lllake l)ossil)le are not related only to the cost of launch

vehicle procurement hut to total transportation exl)ense in the broadest sense of all
the costs necessary to accomplish usefifl missions in space. For the mission model dis-

cussed in the enclosed Fact Sheet Appendix, sa_ings through the use of the shuttle

over the 12-year period 1979-1990 are estimated at $5.1 billion in launch and launch-
related costs and another $8.3 billion in payload development and procurement costs,

|or a total savings over the period of $13.4 billion and an average savings of over

$1 billion per year.
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10. Space Station

NASA's space station studies have been completed and there are no present plans ti)r
development, production, or specific missions. The mission model study referred to

above assumes that a 6-man space station might be operational in the mid-1980's. The

non-recurring costs of development and inw'stment for a space station of this _'pe has

been estimated at about $3 billion. An alllolllll Of this magnitude is compatible with
my earlier statement [6] tha! all costs of the space shuttle program and the other ele-

ments of a balanced total space program can be accommodated in an overall space

budget at about the present annual levels. The decision to proceed with the space

shuttle does not commit tile Nation to proceed with a space station.

1 1. Mathematica Study

The Mathematica, Inc. study concludes that the space shuttle can be justified on eco-
nomic grounds tbr a wide range of possible mission models. Mathematica studied in

detail a range of discrete mission models calling for from 681 to 403 shuttle flights
over a 12-year period (1979-1990). When these results were extended to ew, n lower

numbers of flights, Mathematica found that even with a 10% discount rate the break-

even point occurred at 360 flights over the 12-year period. Thus the shuttle would rep-

resent a good investment even if the total number of tlights did not exceed an average
of 30 per },ear, or even less if a period hmger than 12 years had been assumed for tile
useful life of the shultle. (It should be noted that both Atlas and Thor boosters have

been in use tor over 13 years.) Tile Mathematica conclusions do nol depend on the

weight of the payloads associated wfih the program. A copy of the final Mathemalica,
inc. report and related reporLs 13yAerospace Corporation and I,ockheed were sent to
yOU SOllle time ago.

12. Assessment of Mathematica Study,

The Mathematica, Inc. study has been subjected to review by NASA management and

within the Office of Management attd Budget, and has been presented by Dr. Oskar

Morgenstern of Mathematica to a number of other professional econonfists and to

the Senate Committee on Aeronautical and Space Sciences. I am not aware of any

professionally competent adverse criticisms of either tile melhodoh)gy or the tindings.

On tit(" other hand, many of us, including myself; believe that tile constraints placed

by l)r. Morgenstern and his people on the scope of the study, whereby they excluded
the benetits of any missions which would be beyond today's state-of-the-art, or which

would not be possible of performance using expendable vehicles, represented an
extremely conservative approach which has resuhed in an understatement of the real

advantages that will resuh ti'om the introduction of the space shultle.

[7] 13. Military Use of the Shuttle

Tile space shuttle can be used tor both civil and military,' missions; in both cases tile

number and nature of the missions to be/lown are ntattc£rs lot future decision, ht tile

mission model referred to in the enclosed Fast Sheet Appendix, militm y missions rep-
resent substantially less than one-half of the total.

14 and 15. Cost per Pound of Payloads

The (()st per pound of scientific and technical payloads is not particularly useftfl as a

general measure. First, it can vary greatly depending on tile design and use of the
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payloads. Second, it cannot he directly related to launch vehicle capabilities because

the weights to be place[d] in orbit must also include tile propulsion stages, tirol, and

the other equipment required for placing and deploying the scientific and technical

payloads ill tile proper orbits. Third, the unit cost of a given payload type varies sub-
stantiallv because tile initial development cost is generally high compared to tile cost

of prodtlcing additional payloads of the same type. Finally, the utility of the shuHle

does not depend on its being fully loaded.

For these reasons the cost per pound of payload cannot be used to estimate the cost

of a space program that would be required to utilize tile space shuttle and our cost
studies have been based on the total estimated costs of specific missions in a variety of

specific mission models.

To validate the general studies which indicated that the shuttle will make possihle stl.b-

stantial savings in payload development and production costs, the Lockheed

Company made an engineering analysis in depth of the Orbiting Astronomical

Observatory (OAO) satellites. This showed that the relaxation of the size and weight

constraints'imposed hy expendable launch vehicles would permit a reduction in

development cost from the actual cost of $168 million to about $85 million, and in

the unit production cost from $33 million to about $18 million. In this redesign the

"dlw weight" of the satellite was increased from 4,800 pounds to about 7,700 pounds.
Thtls, it can be calculated that in the case of OAO tile payload cost per pound when

designed for the shuttle wold be less than one-third of what it was for the expendable

launch vehicle.

[8] 16. hnpact of Defense Requirements on Shuttle Costs

The hasic design and performance characteristics of tile space shuttle system are
essentially the same for hoth civil and military requirements. For example, the "cross

range" requirement, which permits the shuttle to land after one orbit at tile same site

ti'om which it was launched, is required by NASA and all users |or satiety reasons to

make it possible to abort a flight during tl_e first orbit. No part of ttle development
cost of the basic space shuttle conliguration is attributable solely to requirements of

the Department of Defense.

17. Estimated Launch Costs tot 400 Missions

_ks indicated in the enclosed Fact Sheet Appendix, the total launch and launch relat-

ed costs tor a 580 mission, 12-year mission module would be about $13.2 billion with
conventional launch vehicles and about $8.1 wid_ the shuttle. For comparison, a sim-

ilar model with abont 400 flights, also over a 12-year period, the corresponding costs

would he about $8.4 billion without the space shuttle and $6.0 billion with the space

shuttle. Of conrse, there is no reason to assume that space flights will stop after

12 years or after any particular number of tlights. Regardless of the number of tlights,

savings will continue to be generated as long as the shuttle is used.

18. Use of Titan III C

In studving the comprehensive costs of future space programs with and without the

space stmtde, the Aerospace Corporation and Mathematica, Inc. worked out the low-

est possihle cost program using expendable launch vehicles to compare with the cost

of a program accomplishing the same nfissions with the space shuttle. As indicated
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aboveinthe answer to question 11, tile resuhs were that savings of over a billion dol-

lars a year could be expected t'r<ml tile use of tile space shuttle with a realistic mission
model, and that the shuttle would still be a good investment at a 10% discount rate

with as few as 30 shuttle flights per year. The expendable launch vehicle program used
in these studies inade optimum use of the capabilities of the Titan III C as a "work-
horse" for NASA missions for which it would be approl)riate.

19. Technological Unknowns

As stated above, thc $5.15 billion estimate ti>r <tevclopment of tile space shuttle

includes prudent provisions for unforeseen requirements requiring special attention
in research and development.

[9] 20. In-orbit Repair of Satellites

Repair and maintenance of satellites in orbit is technically and practically feasible
when the satellites have been designed with tiffs in miHd.

21. Retrieval of Satellites

While it is conceivable that in some cases the cost advantage of retrieval fiom orbit

and reuse of satellites might be ofllset by technological obsolescence, tile trade-off

studies of this point by the Aerospace Corporation have clearly shown advantages of
satellite recoveo, and refurbishment as an operating mode in i_'aost cases. Acttml deci-

sions on retrieval of particular satellites can be made on the basis of specific teclmical
and ecol|omic analyses on a case-by-case basis.

22. Space Tug

The space tug is an essential futttre element of the total space transportation system

of which the space shuttle is the cornerstone. It will be a reusable vehicle to place and,

if desired, retrieve satellites requiring syilchronous or other high orbits. HoweveL

until the tug is available, the shuttle can place satellites into these orbits bv using

expendable energy stages like the present Agena or Centaur. The space trig is cur-
rently in the study phase. Tile mission model referred to in the enclosed Fact Sheet

Appendix assumes that tile tug will become available in 1985. Development and
investment costs fi)r the space tug are estimated at about $800 million. This amount

is included as a later investment cost in the economic analyses in the Fact Sheet
Appendix and in the answer to Question 1 above.

I trust that the foregoing answers are responsive to your questions.

Sincerely,

James c. Fletcher
Administrator

Enclostlre
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Document 11-16

Document title: James C. Fletcher, Administrator, George M. Low, Deputy Administrator,
and Richard McCurdy, Associate Administrator for Organization and Management,
NASA, Memorandum for the Record, "Selection of Contractor for Space Shuttle

Program," September 18, 1972.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

Once it received _'W_ite House and conkwe_sional approval to initiate Space Shuttle development,

NASA moved quickly, to select the prime contractor ]br the program. This document, sigv_ed by the

NASA officials resp/msible fi_r that selection, was initially prepared to explain the reasoning behind
the choice to the (;eneral Accounting O/rice and the losing industrial bidders. When NASA di.scovered

that the Wall Street Journal was about to run a sto U based on a h,aked copy of the document, it

reb,ased the paper to the p_v,ss on October 4, 1972.

Ill Selection of Contractor for

Space Shuttle Program

On July 19, 20, and 21, 1972, Dr. l,ow and I, along with other senior officials from

Headquarters, Manned Spacecraft Center, Marshall Space Flight Center, Kennedy Space
Centre; and the U.S. Air Force, met with the Source Evaluation Board appointed to eval-

uate proposals for the design, development, and production of the Space Shuttle orbiter
vehicle and ior integration of all elements and support of the Space Shuttle system. Mr.

Mc(;urdy returned to NASA tteadquarters on July 22, and received a full briefing from the

Board on July 22 and 23.
The Space Shuttle program will proxJde the United Slates a new space transportation

capability that will reduce substantially the cost of space operations and support a wide

range of scientific, defense, and commercial uses. The Space Shuttle system will consist of a
reusahle orbiter vehicle capable of entry, maneuvering and aerodynamic flight, reusable

solid rocket motors (SRM's) which will burn during launch in parallel with the orbiter main

engines, and an expendable main propellant external tank. The Government will procure

the SRM's, main engines, air breathing engines, and tanks separately and furnish them to
the contractor selected in this competition. Following a competitive solicitation, NASA ear-

lier this year awarded a contract to the Rocketdyne Division of North American Rockwell

(ioq)oration lor design, development, and production of the Shuttle main engines.
The Space Shuttle orbiter vehicle program as presently planned will consist of fimr

increments. The first is for initial design. The second is for complelion of design, devel-

opment, test, and evahmtion (DDT&E) including the delivery of two orbiter vehicles. The
third increment is tor production of three orbiters and the upgrading and relrofit of the

two orbiters previously used for DDT&E.
[2] Increment four is the operational phase of the shuttle system. The proposed contract

will be for the initial design work compromising increment one, including prelinfinary

design review, covering a performance period of approximately two years. The proposed
contracl will also contain an option provision which will provide to tile (',overnment the

right to require the contractor to perform through the completion of DIYI'&E, which will
constitute increment two of the contract. The contractor selected, upon completion of

inc,ements one and two, will be expecled to perform increments three and four.

llorizonlal flight testing is expecled to begin in 1976 and manned orbital tlighls in 1978.
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The Shnttle is to be operational by 1980. The contract will be awarded on a cost-plus-fixed-
lee basis with an award fee feature.

For several years preceding this procurement, NASA has conducted extensive studies

of the feasibility of a Space Shuttle system and the needs it would serve; the configuration
to be adopted; and the technolog O, of components and materials to be used. All tile com-

panies proposing for this procurement participated in such studies under NASA con-

tracts. The resuhs of the studies were published and made available to all proposers.

The Source Evaluation Board solicited 8 firms fiJr this procurement. Twenty-nine oth-

ers requested and received copies of the request for proposals. The following 4 companies
submitted proposals:

Grumman Aerospace Corporation

Lockheed Missiles and Space Company, Inc., Space Systems Division
McDonnell Douglas Corporation

North American Rockwell Corporation, Space Division

Prior to the issuance of the RFP, the Board established mission suitability evaluation

criteria consisting of technical criteria in the areas of manufacturing, test, and [3] flight

test support; system engineering and integration: and subsystem engineering; criteria in

the areas of organization, key personnel, and related experience; management approach-

es and techniques; and procurement approaches and techniques. The Board assigned
weights to these criteria and established a scoring system. A statement of the criteria and
a general indication of their relative importance were included in the RiVE

To assist it in the evahmtion, the Board established technical, maintainability and

ground operations, management, and cost teams, l_ach team was supported by paneis and

expert advisors. In all, 416 people representing seven NASA centers, NASA Headquarters,
and the Air Force participated in the evaluation.

With the assistance of the teams and panels, the Board conducted an initial evalua-

tion of the proposals prior to any written or oral discussion, and rated the proposals in the
fi)llowing order of snitability to meet the Govermnenfs reqnirement:

1. North American Rockwell
2. Grumman

3. McDonnell Douglas
4. Lockheed

The Board determined that all [bur proposals were within the competitive range. It

sent written questions to the competing firms and invited them to participate in oral dis-

cussions at the Manned Spacecraft Center concerning their proposals. Following the dis-

cussions, the Board received fimher responses and final revisions to the proposals. The

Board conducted its final evaluation and ranked the proposals in the following order of
suitability to meet the Government's requirement:

1. North American Rockwell

2. Grumman

3. McDonnell I)ouglas
4. lx)ckheed

[4] North American received the highest score in mission suitability and an overall rating

in the good to reD, good range. The North American design provided the lightest dt T
weight of any of the designs submitted. For guidance, navigation, and control, North

American used a triple-redundant single-string approach which the Board considered to
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be very good as a sinlple design with mininmnl interfaces. Its good understanding of all

electrical power subsystems reflected tile ve_' tho,'ough studies that North American

made following the Apollo 13 accident, which had its origin in an electrical subsystem.

However, the Board considered North American's choice of a male-female concept for

docking to he less advantageous than the androgn,,'nous method proposed by tile other

companies.
Norlh American presented an excellent analysis ill" maintainability fronl the stand-

poinl of design criteria and goals to achieve optimum turnaround conditions and tinting

between tlights. It designed its orbiter vehicle with vel T good overall accessibility |or main-

tenance. North Anierican's requirement tkn a trolley to support the orbiter on the ground

was regarded as a weakness, sitice the trolley coniplicates tile gronnd systems and causes

operational constraints.
North Ainerican's greatest advantages over the other offerors, within the inission suit-

ability area, Wele in illanagenlent, hs proposal showed efficient centralized control ill the

proglaln, with a readily identifiable chief engilleer and deputy. While all the otterors had

well qualitied key personnel, the Board reported that North Americari's lop llrojecl litall-

ageinent lealn was the best overall, the individuals having very good experience aild

denlonstrated conlpeience relevant lo their assigned positions. As a conlpany, Norlh

Anierican has strong experience in inani+ied space flight, inchiding especially lhe Apollo

conunand and service modules and tile Salurn 11 second stage vehicle. A minor weakness

is tilt" conipanv's lack of recent experience with large" operational airframes.
(_rtlllilllall' received the second highest score, vel,w close behind that of North

Alnerican, with all overall rating in the good to vel) good range. (;rulnlnan's greatest

strengths were of [5] a technical nature. In general, ('_ruminan's design went to a greater

depth of detail than those of the other conipanies. Its detailed weight estimates were sub-

stanliated by lhe design details, h was rated very good in its design ill priina O' structure

based on silnple, straighttorward, and reliable load paths, showing a ihoroug]l under-

standing el potential prohlems anti positive sohltiolls. (ill tile other hall(l, il presenled

COlllplex desigllS ti)r tile guidance, llavigalion, itll(t control systein, ilild [()r data processillg.

(;rununan did at very good job in proposing design lk, alures to enhance nlaintainahil-

|iv. The provisions it niade ti)r access throughoul lhe vehicle were outstanding. The design

approach lo the external tank also was strong; Ihe tank does not reIltlire pressure stabi-

lization eli the ground alld can support lhe orhiier. The Board was concerne{t ab()ul

(;rtlllllllall'S proposal to place" the liquid oxygell all(I liquid hydrogen fill and (lraill ('(lll-

plings in the salile unlbilical plate'.
Ill the iiianagenienl area, (;rulninall presented a strong orgaliization with well-

inlegrated assistance [rein its principal stlbeonlraclor, Marlin-Marietta (]orporalion. The

Board reported that the team of key personnel was strong, hut had limited experience in

large cryogenic systems. &s a company, (;rulllnlall has good experience in inanned space

flight, particularly' the hlnar lllodule, and illallagelnent of large progralns involving space-

ciali and aircraft. The Board reported that (;rtllntllan's proposal sh(iwed evidence (if

in(lepth conll)rehensive plallning of its overall nlallagelnellt approach; hut conchlded

that the progralll plan presenled lacked balance. (;rtllnlnall proposes to incorporate

delailed specifications and plans as haselines in the conlract early in the progran_ and io

huil(l till its work f_.)r(e rapidly Io till earlv nlanpower peak. This poses the risk ill prellla-

ttuc hardening of lhe specifications and' prenlalure coinnfilment of resource[sl during

the Cotlrse (it the progranl.

McDonnell Douglas reteived the third highesl score, with all overall raling of good.

li raiiked Ihh-d hi most of the areas ill the evahiatioli. Disthlctive design features (it the

Mcl)onnetl conliguration inchlded all ullderslung internal [6] ah-breathing engine sys-

tem . . . package, wtlich retains a full payload bay capability with the |air-breathing engine

system ] installed; and the largest fuselage vohune. McDonnell l)roposed a vet)' good reac-
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tion control suhsystenl, with a plug nozzle I¢) minimize re-ent D, heating effi'ct. Its radiator

design for tile payload by doors was the best presemed. Howevm, McD¢mnell's external

tank design with a common bulkhead hetween the liquid oxygen and liquid hydrogen

tanks had undesirable operational and manul_tcmring characteristics and would require

insulation inside the hydrogen tank. McDonnell proposed horizontal flight testing at
Edwards Air Force Base, California, with an early shift to Kennedy Space Center, which

would require both sites to be equipped with Iull'data handling cai)abili_,.

In maintainability, the Board stated that the McDonnell proposal did not retlect ade-

quate application of the company's experience in tile design of the DC-10 tbr maintain-

ability. Furthermore, the ground operations portion of the proposal did not reflect

adequately the recent launch vehicle experience of McDonnell Douglas in the Apollo pro-

gram. McDonnell plalmed to vent its liquid hydrogen tank to the atmosphere during

ground operations, creating a risk of fire or explosion. On the posilive side, it provided a
good recovery technique f()r the expended solid rocket motors.

Mcl)onnell's organization of the eastern and western segments of the company was
relatively contplex. It proposed to carry out engineering flmctions at both locations

according to the catego D, of work involv('d, thereby complicating the assignment of one

overall engineering responsibility. Mcl)onnell prc"senled a strong management team;
however, some of the managers were proposed in project assignments differing from the
areas of their main experience. As a corporation, Mcl)onnell was considered to have

superior related experience, including manned space programs, a wide range of m_!jor

(;overnment projects, and experience with large commercial airfiames. Its principal suh-
contracloI\ TRW, also had good experience in its assigned avionics area. The McI)onnell

management approach was not specific in man', areas and tMled [7] to show integration
of computerized systems. FllrtherlllOl-C, ditli'reill management systems in St. l,oILiS and
Califbrnia caused a loss of visibility and a likelihood of serial in|ormation tlow ti-om one
to the ()then

Lockheed received the lowest score wit]l an overall rating of [kair. It designed a con-
figuration I]lal was distinctive in adopting thrusl veclor Conlrol fin the solid rocket hoosi-

ers |or better ascent control, and in extending the solid rockel nozzles well all of the

orbiter and external lank, so as to reduce nozzle cant angle, reduce thermal eltects, and

reduce acoustic levels. Its design was the heavies! proposed. In general, the reason tot the

relatively low Lockheed evaluation was its lack of consislem technical depth. Lockheed's

proposal tot aborting a mission leaves at 65 second gap during which there is no provisi(m

fi)r abort. Its proposed vehicle required a landing speed slightly higher dlan that specified

ill the RFR L<)ckheed introduced unnecessa W complexity through the use of a wide vari-

ely of slruclural materials and advanced processes, and duough the use of complex suh-

systems li)r mechanical powen environmental conm)l, and avionics. Ix)ckheed did a good

.|oh in communications and tracking, and planned to phase in ils automatic landing sys-
tem early in the program. It also produces a silica material which is considered to be ve'rv

good |or the thermal protection system.

Ix)ckheed enhanced the mainlainahilitv of its reaction control and orbit maneuvering

systems by proposing modular systems, bul obstructed access|hal|Iv hv burying the OMS
module in the main engine compartment. The venled honev¢"omb structttre of

l.ockheed's vehicle was susceptible to moisture; the proposal did n()t discuss interstruc-

rural purging ofit. [,ockheed presented strengths in proposing two tail service masts Io |ill

and drain liquid oxygen and liquid hydrogen separately, and in providing a liquid hwho-
gen vent through the tail service mast.

Lockheed prc)l)osed to subcontract all the major coml)onems of the orbiter. Under

this arrangement, the major subcontracu)rs wouM do the greater share of their own

design 18, I work, with I.ockheed doing the overall design and systems inlegration. The

Board expressed concern that lhis plan would generate comph'x organization interfaces,
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which Lockheed did not sufliciently address in its proposal. Within its own organization,

Lockheed placed the system engineering and orbiter vehicle engineering groups in sepa-

rate organizations, both reporting to the program manager. The key personnel proposed

ti)r this job were rated as good, but lacking the overall strength and balance of the teams

proposed by their competitors. In general, the experience of the key personnel group is
in missile development and space design studies. The individnals lacked experience in

manned space flight; and relatively few ot them reflect the broad aircraft experience of

the Lockheed organization. As a company, Lockheed similarly has relatively little manned

space flight experience, ahhough it has wide experience in major Government programs,
conunercial airflames, and space payloads.

All the proposals contained estimates of the costs to be incurred under the proposed
contract, as well as broader estimates of the cost to be incurred by the Government in car-

rvmg out the development program; estimates of production costs; and estimates of oper-

aiional costs per flight. The Board conducted detailed analyses ot the cost proposals and

of the supporting information tmnished by the offerors to gain insight into the probable

cost of the program and into probable cost diflerences arnong the otterors. The costs as

estiinated in the proposals differed widely, with North American the lowest, followed

closely by Lockheed, and with Gnlmman and McDonnell substantially higher.

_l']le'Board studied the cost implication of the designs proposed and concluded that

the design differences among the companies would not account tor significant diflierences
in cost. The exception to this was Lockheed, whose design was heavier and more complex

than those of the other companies, so that its vehMe should cost more to build and oper-

ate. There were ditterences in salary and indirect rates among the companies, causing dif-

ferences [9] in the cost of a man-'year's work from one company to another; but strch

dittk'rences were not large.
The wide differences in the cost estilnates were due essentially to widely difffwing esti-

mates of the number of man-vears requirc<l lor the job. In turn, the widely varying man-

power estimates reflected different treatments of urlkn()wns and contingencies tor

program growth.
The Board made a(!iustments to the proposed costs of all the companies, reflecting its

view of the cost of correcting identified weaknesses, and its view of t)roposers ' estimates

tlmught to be ira error 1or various portions of the work. However, these adjustments were

relatively small; the Board did not attempt to normalize the remaining large ditterentials

in manpower that the competitors had proposed. That is, the Board did not estimate the
diflL'rent number of man-years required for the different companies to do the job because

ttle actual work will depend, to a considerable extent, on the management approaches

applied by each company.
The Board looked at management approaches anti planning tor the program to

gauge tire eflect of such approaches on the confidence that could be placed in tim cost
estimates. This evaluation favored North American. The management techni(Iues pro-

posed [by] North American should provide earlier identification of cost problems. Its pro-

gYam plmming lent con[;erence to its ability to control costs, by planting a constrained

buildup of resources in the beginning of the program, so as to avoid the commitment of

large resources of manpower and other resources to the job during the early period when

problems were emerging and changes being made.
(;rumman, and to a lesser extent McDonnell, proposed to tmild u l) their ti)rces con-

siderably more rapidly at the beginning of the program than previous NASA experience

with large programs ,;vould indicate to be desirable. This approach irrcreases the likeli-

hood of signilicant cost growth resulting from <leveh)pmcnt problems, which typically
occur in early program phases. Also, (;rumman's approach did not appear to be support-

ed by the milestones it designated for program performance.
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[lOJ The l+ockheed approach inspired less confidence than the others ill its cost tor a

numher of reasons. Its design was more complex than tile others, giving rise to a proba-
hie cost differential. Furthermore, its estimating techniques, its management plans, and

its technical approaches all were set forth in its proposal with a lack of depth which con-

tributed to an impression that many unli)reseen probleins might arise to jeopardize the
company's control over its costs.

In answer to our questions, the Board said it was not ahle to assign dollar values to its

judgments of cost risk inherent ill the program approaches of the competitors; but unan-

imously concluded that tit(' North zXmerican proposal would resuh in the lowest tinal COSl

to the (;<)verlllltell{. It hell(veal that (;lllnlntatt would probably be the secolld lowest in
cost, but that its rapid manpower buildup and its general emphasis on schedule over cost

involved greater risk of cost growth than North American's slower buildup and more cost-

centered emphasis. McDonnell was believed to he the next in line, with higher cost rcsuh-

ing from its higher rate of cost per man-year and resulting frmn the risk of (:<)st growth ill
its program plan for a rapid htfildup of its forces, though not so rapid as that ot+(;runmlan.

l+ockheed was evaluated as having the highest probahle (:(>st hecanse of its design and
because the uneven quality of its proposal impaired confidence in its ability to avoid cost-
ly prohlems during performance.

()n.luly 24, we met separately with tile chief executive otficers of the four competitors,

together with their Shnttle program managers and other senior corporate representatives.

We scheduled these meeting!s] because of the unust:,al importance of this procurement,

in order to nleel with lhe top managenmnt of each conq)eting corporation and ascertain

its views on nl_nltlgelllent Of the Space S]ntltle program and the extent of top level corpo-
rate interest in the program. These meetings were held in addition to our established

source selection procedures, and were held with the agreement of all four competing
(+ompanies.

[ 11 ] On July 25, we met with a small group of key NASA personnel who had heard the

presentation of the Source Evahtation Board and who carry responsibilities related to !he

procuretnen!. Their views on the presentation and tlndmgs were solicited and given. They
then withdrew.

l)r. l+ow, Nit'. McCurdy, and 1 met again on July 26 and care-fully considered the pre-
sentation and the COmlnents of the key personnel involved. It was apparent to tts that the

competition had heen keen and that the four companies involved were worthy competi-
tors offering impressive experience attd capabilities tor this major program. We noted at
the outset that McDonnell and l+ockheed ranked significantly lower than the other two

cmnpanies in most areas of the Board's technical and management evaluation. Since

these companies ott;ered no probabl [e] cost savings in relation to tile higher-ranked firms
our deliberations tended to focus on North American aud (;rumman.

The mission suitability competition between these two companies was close, as reflect-

ed hy a narrow difterential in their point scores. Each conq)any had its own areas of

strength in which it was superior to the Other. On the t)asis of our careful review of the

Board report and its presentation and tilt" comments of the" key personnel involved, wc

concluded lha! the overall advantage did indeed lie with North JMnerican as indicated hv
the final mission suitability scores.

In our view, the cost considerations led to the same result. North AIllerican's cost pro-
l)osal was suhstantiallv helow that of (;rtllnlll;nt, haseft largely on a smaller numher of man-

years. \_,k_ kept in mind that estimates for cost reind)ursement C<)lllracts do trot carry as

nntch asstn+ance as fixed price proposals. But, the lower North American proposal, wl_ich
wits considered reasonable, will enable the (;overnment to negotiate a lower dollar fee. It

also enhances the possihility tha! NASA att(I the contractor will give earlier and closer

atttention to (<)st-generating problems and changes as lhev arise. More fundanmntallx; we

",,vere impressed with [12] the orderly approach to the wmk planned t)y North American,
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with its special attention to cost control. This latter is indicated by its relatively restrained

buildup of forces during tile earl)' period of the program when problems call be expect-

ed to be encountered and changes made.
Because North American Rockwell attained the highest score from a mission suitabil-

ity standpoint, because its cost proposal was lowest and credible, and because its approach-

es to program performance gave high confidence to us, to the Board, anti to the Manned

Space Flight Center Directors, that it will indeed produce the Shuttle at the lowest cost,
we selected North AJnerican Rockwell Corporation, Space Division, for the award.

[signature] 9/18/72

James c. Fletcher Date
Administrator

(;ONCUR:

[signature] 9-15-72

George M. Low Date

Deputy Administrator

[signature ] Sept. 14, 1972
Richard C. McCurdy Date

A_ssociate Administrator for

Organization and Management

Document 11-17

Document title: The Comptroller General of the United States, Decision in the Matter of

Protest by Lockheed Propulsion Company, File B-173677, June 24, 1974, pp. 1, 18-23.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

In contrast to the 1972 selection o[ North American Rockwell as the prime contrm:tor [or the Space

Shuttle orbitel; which went relativell_ ._moothly, the selection oj Thiokol as the provider _!fShuttIe Solid

Rocket Motors (StL_I) was mine cm_trove_:_ial. Aper NASA announced that it had selected 77_iokol a._

the StLU contractor in December 1973, Lockheed Propulsion .filed a firrmal prote._t with the l ,r.S. ifov-

eminent. One of the responsibilities o] the Comptroller General, who is appointed ]or a 15-year term

as head _]'the Congressional General Accounting Office ((;AO) to en_ure hi._ independence, is to rule

on such protest,_. Although Comptndhq General Elmer B. Staats recommended in this decision that
NASA should _econsider its selectim_ of Thiohol, the space age_u)' did not accept this nonbi_uling rec-

ommendation. The ]blhm,ing me two excerpts Jh_m the deci._ion.
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[1] DECISI()N
THE COMPTROI.LER (;ENEILM,
OF THE UNITED STATES

Washington, D.C. 20549

FII,E: B-173677 DATE:June 24, 1974

MA-TTER OF: Lockheed Propulsion (]ompany
Thiokol Corporation

DIGEST: 1. On basis of (,AO review of NASA evaluation of cost-plus-award-fee proposals

for Solid Rocket Motor Pr(_ject of Space Shuttle Program covering 15-year peri-
od in estimated price range of $800 million, it is recommended that NASA

determine whetheL in view of substantial net decrease in probable cost

between two lowest proposers, selection decision should be reconsidered ....

[I 8] Chronol%,). of Procurement and Selection

The RFP was issued on July 16, 1973, to four prospective sources--Thiokol, Lockheed,

UTC, and Aerojet. Technical and cost proposals were [ 19] submitted on August 27 and

30, 1973, respectively by the four firms. From the latter date until October 20, 1973, the

SEB [Source Evaluation Board], according to the Source Evaluation Plan, evaluated and

scored the proposals and established preliminar¢ rankings fiw the ott_rors. During the
period from September 24 through October 10 '1973, oral and written discussions were

conducted with all of the offerors. All olferors filed timely best and final offers bv the cut-

off (late of October 15, 1973. After the ctltoff date, final' reports of the SEB's evaluation
teams were submitted to the SEB.

The four proposers were ranked and scored in mission suitability as follows:

Score
Overall A(!jective Rating

l_ockheed 714 Ve_ T (;ood

Thiok(fl 710 \"el T ( ;o()(t

UT(: 710 Ve_, C,ood
Aer(Jjet 655 (;ood

The SEB was of the opinion that all proposers had the requisite capability and expe-
rience to accomplish the SRM project. Furthermore, the SEB evaluated Thiokol as the

h)west most prohable cost performer by $122 million ($RY) with Lockheed evaluated sec-

ond lowest. Bofll proposers estimated total program cost to be in the $800 million (SRY)

range. The SEB compiled a report of its findings which was presented to the SSO [Space
Stmttle Office] and was the basis of ils oral presentation to lhe SSO on Novembrr 19,
1973. The SSO, atier selecting Thiokol lot final negotiations, isstte(1 a selection statement

on I)ecrmher 12, 1973, which states, in pertinent part, as foll(_ws:

"In considering the resuhs of tilt, Board's evaluation, we first noled Ihat in

Mission Suitability scoring the summation resuhed essentially in a s/and-off

amongst the top three scorers (l,ockheed, Thiokol and UTC) lh()ugh with a vat3,-
ing mix of advantages and disa(twmtages contributing to the total. V(ithin this

group, l_o(kheed's main strengths were in the technical categories of scoring,
while they trailed in the management areas. ThiokoI led in the management

areas but trailed in the technical areas, and UT(] fell generally between these two.
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We noted that Aeroiet ranked significantly lower than tile other three competi-

tors ill tile Mission Suitability evaluation, and the proposal oftOred no cost advan-

tages in relation to the higher ranked thms. Accordingly, we agreed that Aemjet

should no longer be considered in contention h)r selection.

[20] "We noted that the Board's analysis of cost factors indicated that Thiokol could
do a more economical job than any of the other proposers in both the develop-

ment and the production phases of the program; and that, accordingly, the cost

per flight to he expected from a Thiokol-built motor would be the lowest. We

agreed with the Board's conclusion that this would be the case. We noted also
that a choice of Thiokol would give the agency the lowest level of funding

requirements for SRM work not only in an overall sense but also in the first few
,,'ears of the program. We, therefore, concluded that any selection other than

:Fhiokol would give rise to an additional cost of appreciable size.

"'We noted that within the project logic and the cost proposals, there was a sub-

stantial difference in basic approach caused hy the varying amount of new facili-

ties needed by the several proposers. Their situations ranged from Thiokol, who

needed little new facilities im, estment to do the jnb, to Lockheed, who proposed

creation of a new facility complex on the (;ulf Coast to handle the program, com-

mencing at an early date and huilding up to thll size by the production t)hase.

The prospect of such a maior new tacilitv raises a question regarding tilt, basic

operational economics involved, and alsO) a question of what other important
benefits or drawbacks there might be to such a plan. In regard to the economics

proper, the Board's evaluation made it clear lhat such an invesunent could not at
this time, trader any reasonabh" view of Ille forecasted economic thctors, t)e con-

sidered likely to pai' its way as against Thiokol's existing facility. As regards other

consideratin]ls, we recognized that it may well he advantageous, when the maior

production phase arrives, to plan to have two or more supl)liers in the count D'

capable of competing for the manufacture of SRM's in quantity; however, there
is no need io eml)ark upon the construction of a new maior facilily at this time

in order to secure these benetits in a timely manner.

"We tound no other tactors bearing upon the selection tha! ranked in weight

with the tiwegoing.

%Ye reviewed the Mission Suitability tactors in the light of ourjudgnmnt that cost

tavored Thiokol. We concluded that the main criticisms of the Thiokol proposal

in the Mission SuitabiliD' evaluation were technical in nature, were readily col

recmble, and the cost to correct did not negate the sizeable Thiokol cost advan-

tage. Accordingly, we selected Thiokol for final negotiations."

Award of the contract has been withheld pending resolution of this protest.

[211 CHRONOLO(;Y OF t'ROTEST

Lockheed tiled notices of protest by letters dated Deceinber 5, 6, and 14, 1973. On

.lanual)' 9 and 21, 1974, l,ockheed furnished protest details which were torwarded

promptly to NASA requesting a complete report responsive to the protest. By this lime,
I'hiokolf UTC, and Aerojel had expressed active interest in the protest. On or about

Fehruatw 15, NASA awarded a 90-day interim contract to Thiokol for studies, analysis,

planning and design in support of the integration of the SRM into the Space Shuttle
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System.Lockheedprotestedtheawardof tileinter|hicontractshortlythereafter.NASA
filedareport,throughtheAssistantAdministratorforProcurenmnt,onMarch11,1974.
Thereportwasdistributedtoallinterestedpartiesforconllllell[.

The report revealed to the protester and interested parties previously unknown sig-

nificant cost information and other evahmlion details upon which tile selection of Thiokol

was based. Prior to this, Lockheed had been unsuccessftfl in obtaining such infbnnation

fi-om NASA. Lockheed |]led extensiw: comments on the NASA report on April 9, 1974,

wherein, for the first time, specific contentions based on the previously unavailable sig-

nificant cost infi)rmation and other delails were made. On April 23, a bid protest confer-

ence was held at GAO [General Accounting Office] attended by all interested parties and

NASA. Tile formal record was then closed except lor possible questions (,AO might have

to ask of l.ockheed, Thiokol, and NASA. On May 8, questions were posed to l.ockheed,
Thiokol and NASA, all of whom responded to (,AO hy the May 15 deadline. About that

time, Lockheed protested any possible extension hy NASA of tim interim contract tO

Thiokol. NASA extended tile interim contract for 45 days or until approximately July 1.

On May 20, tnrther questions were raised with NASA by (;AO. A response was received on

May 24 and I.ockheed filed comnlelltS thereon on May 30, 1974.

DECISION

This decision was reached after a thorough and comprehensive review of the vohmfi-

nous documentation submitted by Lockheed, Thiokol and NASA, as well as presentations

made at the bid protest conference. To assist in the resolution of the many issues raised

by the protesl, (;AO assemhled an audit learn at the Marshall Space Flight Center where
the procurenmnl file is located. NASA's workpapers and other material were reviewed bv

the (,AO team. From shortly after the protest was tiled, tile (;AO review was performed al

the Center simultaneously with the procedural steps in the bid protest process. Site visits

were [22] made to Lockheed and Thiokol. While, in the interest of clarity of presentation,
this decision does not respond specit]cally to each matter brought to ()ur attention, we
thorotLghly considered all available information and documentation.

The Lockheed protest chalges thai [he elllire NASA ewtlualion was marred hy plain

mistakes, inconsistent}; arbitraiTjudgments ' alld improper procedures. Lockheed slates all

adequate and proper cost evahmtion would have resulted in its proposal being evaluated
low by an anlounl signilicantlv in excess o1+ $100 milli<m and c<mceiwlblv ill excess of

$2(10 million. Furthermore, I.ockhee(t argues that it was l)reju(liced by |nil)roller correction

in Thiokol's design, improper (Tediting of Thiokol proposal features not conforming to

the RFP, improper reliance on tul(:ertain cos! estimates, and lint)roller disregard of future
competition as a factor The cflect of these alleged prejudicial oc('urvences ill combination

with the allege(t improprieties in the ewthmfion of cost made the selection of Thiokol

iml)rol)el, and is said to have wrongft,lly (tenied Lockheed tilt" award ()f the SRM (()lllract.

On file other hand, NASA vigorously defends the selection of Thiokol as the lowest

cost proposer citing a most pr()tlat>le (()st (liftbrence of $122 million ($RY) [real veal <It)l-

Iars] which "umst be regarded 1)y NASA as the potential savings attainable by co(ltracting

with Thiokol." NASA maintains that llle SEB evaluation as adopted t)y the SSO t)roperly
concluded Ihal both Thiokol and l,ockheed were essentially equal in the mission suilahil-
it} scoring and "<)tiler factors" evaluation.

(;AO's examination and review revealed no reasonable basis to question tile SSO's
decision based on scored mission suitability and unscored "other factors" evaluations. Nor

did the review lind that the reliance on cost represented an unreasonable exercise of dis-

ere/ion, l lowew'r, as set torlh in more detail below, we recommend that the SSO deter-

mine whether, in light of the (;At) t]nttings tirol tilt" most pr()hal)le cost (litt_'rences

between Lockheed and Thiokol were significantly less than those reported by the SEB and
relied upon by tile SSO, the selection decision siloul<t be reconsidered.
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Beforeproceedingwithadiscussionofthe issues, it is noted that a substantial amount
of information and documents furnished GAO with the NASA report of March 11 and in

its answcrs to GAO questions of May 8 were withheld from the protester and interested

parties at the request of NASA. According to NASA, that material contains business con-
fidential material and descriptions of confidential proprietat T manufacturing processes,

the disclosure of which would he in violation of law. Mso not released to the protester and

interested parties were SEB analyses of probable cost based on the proposals subnfitted to
he further used by NASA in the negotiation of the SRM [23] contract and material gen-

erated prior to til_al negotiations. In addition, while NASA has publicly released the sig-
nit]cant evaluated cost differences where the SEB made adjustments to proposed costs

between Thiokol and Lockheed, the specific amounts of the adjustments have not been

rcteased except in rare instances.
The discussions of the protest issues that tbllow are presented in a c<)nlcxt which safe-

guards the contidential or proprietary aspects of the data ....

Document 11-18

Document title: Gerald J. Mossinghoff, Assistant General Counsel for General Law,
Memorandum for the Record, "Classification of the Space Shuttle as a 'Space Vehicle'

and not an 'Aircraft,'" September 25, 1975.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

(h*e of/he man_' unique fi, atures _[ the Space Shuttle was that it would glide to a landing qfier _een-

tel_nff the atmosphere from orbit. 77ti,_ raised the question in some minds _ whether the Shuttle had to

be treated as an airr'r¢{]i during its atmospheric reentu; doing so would have made it subject to the

reg'ulations o] the Federal Aviation Administrntion (FAA ). NASA _*po,_ition, gpelled mtt in thi,s mem-

orandum, was that the Space Shuttle shmdd not be so categorized.

Ill NATIONAI_ AERONAUTICS AND SPACE ADMINISTRATION
Washington, D.C. 20546

REPIN TO

ATTN OF: (;(;(75-181{)3) Scptcmber 25, 1975

MEMORANDUM FOR THE RECORD

FROM: (;(;/._ssistant (;choral (;ounscl for (;eneral l:aw

StrBJECT: (_lassification of the Space Shuttle as a "Space Vehicle" and not an "A+ircraft"

This inelnoralldtlln records my response to a question asked by Mr. Sct]l Taylor, a (;AO

otficial rcvicwing tilt+ Space Shuttle pl-ogranl at the.Johnson Space (;entcn as to whether

tilt" Space Shuttle is an "aircraft" within the meaning of the Federal Aviation Act of 1958,

as anlt'nded, and Faa's implenlcnting regulations. My response to this qucstion was based
on discussions with Messrs. t loscnball, (;rittin ;tnd l)oylc and with MI; (]harlcs Anderson,

l)eputy (:hief Counsel of FAA.
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TheissueofwhethertileShuttlecouldbeclassifiedasanaircrattissignificant.If it were
tobesoclassified,it wouldhesubjecttoanumberofprovisionsoftheFederalAviation
Actof 1958,asamended,andFAAregulations, including possibly, Section 611 of the act

concerning aircraft noise and sonic b<)om (if it were also determined that the Shuttle was

"engaged in canting persons or l)r<)l)erty for commercial l)ttrl)oses" ). (:lassification of the
Shuttle as an aircraft would also have international implications.

I infiwmed Mr. Taylor in a telephone conversation this morning that it is NASA's firm posi-

tion that tile Space Shuttle is a space vehicle and not an aircralt within the meaning of the

Federal Aviation Act. I infi)rmed him that this position was based on the tollowing:

(1) The National Aeronautics and Space Acl ot1958 atlthorizes NASA to develop, test and
operate both "aeronautical and space vehich.s." The legislative history makes clear that

aeronautical vehicles are those designed tor operation "within the atmosphere" whereas

space or astronautical vehicles are dcsigned for operation "primarily outside the atmos-

phere, although <)['ten passiI_g throtlgh |he atmosphere <m the way tO' outer space." Based
on this histoiT, although there is [21 legally no precise dividing line between the atmos-

phere and outer space, it is clear that the Space Shuttle is a space vehicle under our act,
and not an aeronautical vehicle.

(2) Although the definition of aircraft in the Federal Aviation Act is qtfite broad ("anv

contrivance now known or tlereaflet invented, used, or designed fi)r navigation of o]
[light ill the ;tit+')+ the f]tcl that somethillg t.tlls within this literal definition does m)t mean

that it legally will be considered an aircraft even by the FAA, which recognizes "non-
aircraR" airborne objects, tor example, surthce-efti,cts (all=cushion) w'hicles.

(3) NASA's atlthorizing commiltees, when describing tilt, Spate Shuttle in reports accom-
panying our anmlal authorization acts, have consistently characterized it as a "rettseahle
[sic'] manned space vehicle."

(4) Under our interpretation of tile (]onvelltion on International lJability for I)amage
(]aused by Space ()bj(:cts, the Space Shuttle would clearly t)e a "space ol_]ecl" st) as to

impose absolute liahility upon the United States for "damage caused [by it] on the surface
t)f the earth or to aircrat_ in tlight."

(5) Similarly, Space Shuttle flights would be registrahle [sic] Inlclcr the Convention on

Registration of Oh.jeers I_aunched into OtHer Space, which will be transmitted to the

Senate for ratificalion later this veal: We understand that a staff study of the Senate

('_ommittee on Aeronautical and'Space Sciences regarding that treaty will specifically

point out that the Space Shuttle is a "space vehicle having characteristics of a launch vehi-

cle or rocket and a recoverahle spacecraft [that] would be registrable [sic] under this con-
vention as an object launched into outer space." If the Shuttle were determined t<) he an

"aircraft '+ it would he registrable lsic] under the Federal Aviation Act, and that would he

logically inconsistent with our (and the Senate staff's) views of the treaty.

Mr. Anderson of FAA was not in a position tbrmally to concm in our interpretation, since

the matter has not been raised within the F:L._,. I te did indicate that in his view our post-
lion was reasonable and consislent with the intent of the Federal Aviation Act and FAA's

regtulations, particttlarly since Stretch, operatiotls would still t)e subject I<) E¥,\ coordina-

tioH to the extent that the Shuttle would <)perate in the "navigable airspace t)|' the United
States." For examl)le, FAA is specifically authorized by Section 3(t7 of the Federal Aviation

Act [31 Io prescribe rules and regulati('ms "fi)r the prc'vention oft()llision . . . between air-
c,at] and tother] airborne objects."
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Mr. Taylor indicated that he plans to quote NASA in his report as saying that under the
National Aeronautics and Space Act, the Shuttle is not an aircraft, and that, 0_erefore,

FANs regulations regarding aircraft noise and sonic boom would not apply to Shuttle

operations.

[signed (;erald J. Mossinghott]

Document 11-19

Document title: John E Yardley, Associate Administrator for Space Transportation

Systems, NASA, to Director, Public Affairs, NASA, Memorandum, "Recommended
Orbiter Names," May 26, 1978, with attached: "Recommended List of Orbiter Names."

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

As Space Shuttle development reached its final stages in 1978, NASA needed to select names .[or the

/bur Space Shuttle orbiters that had been approved. Reacting to pressure fiom fans _?] the television
,_eHe._Star Trek, NASA had already named the Shuttle test vehicle u,_ed ]br atmo,spheric /li_ht experi-

ments Enteq,_Hse. _*_[ier this memmnndum was p_vpared, _M_SA decided to name the Shuttle orhiter_

after miring ships t_[earlier explorato13' expeditions.

[no page number] MAY 26 1978

M-I

M E M O I,bkN D 1,7M

TO: l,F-6/Director, Public Atlairs

FROM: M-I/Associate Administrator fin Space Transportation Systems

SUBJECT: Recommended Orbiter Names

In accordance with paragraph 4 of [NASA Management Instruction] 762(I. 1A I convened
and chaired a meeting of an ad hoc committee to recommend names for Space Shuttle

Orbiters. The committee consisted of Mike Malkin, Roy Day, Chef Lee, Dave Garrett and

Dan Nebrig.

We elected to recommend names having significant relationship to the heritage of the

United Sates or to the Shuttle's mission of exploration.

The attached list of haines is recommended in descending order of preference. The com-

mittee further reconunends that the name Enterprise be reserved for Orbiter Five, assum-

ing that there is a lifth orhite_, to carry on the name assigned to Orbiter 101 during the

[Approach and l.anding Test] Program.

[signed John F. Yardley]

Enclostlre

*@*g@*@**@
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[no page nunlber]

1. Constitution

2. Independence
3. Aanerica

4. Constellation

5. Enterprise
6. Discoverer

7. Endeawmr

8. Liberty
9. Freedom

10. Eagle

11. Kitty Hawk
12. Pathfinder

13. Adventurer

14. Prospector
15. Peace

RECOMMENDED IdST OF ORBITER NAMES

(In descending order of preference)

Document 11-20

Document title: Eugene E. Covert, Chairman, Ad Hoc Committee for Review of the Space
Shuttle Main Engine Development Program, National Research Council, Statement

before the Subcommittee on Science, Technology, and Space, Committee on Commerce,
Space, and Transportation, U.S. Senate, February 22, 1979.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

One qf the major technical challenges during Space Shuttle development was the Shuttle,s mai_

enLqne. The engqne was Jueled by cr)'ogenic (exheme(_, toM) liquid hydrogen and liquid oa3,gen , and
its turbopumps operated at high speed and pres._utv. To assess prog,'res._ in sohJing the Shuttle :_main

engine development problems and the readiness of the Shutt#.[or laum h, the Congress asked A'_4SA
to convene a panel of the independent National Resean:h Council. That panel was chaired hi'

Alassachusetts Institute (_[ 7(chnology lYq/h_sor Eugene Covert. 77ds congressional testimony su,i-
marize_ lhe panel's ¢[]_Jrt._and recommendations.

STATEMENT

OF

Prof. Eugene E. Covert
Chairman, ad hoc Committee ti)r Review

of tilt" Space Shuttle Main Engine Development Program
National Research (:ouncil

Befi)re the

Subcommittee on Science, Technolog,D', and Space

Committee on Commerce, Science, and Transportation
U.S. Senate

Febrttary 22, 1979
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[1] ?vii. Chairman and members of tile Subconmfitee [sic]:

Once again it is my privilege to present to you a sumntary of the tindings of the
National Research Council's ad hoc Contntittee foE- the Review of tile Space Shuttle Main

Engine. The ad hoc Commiuee has published a report entitled "Second Review--
Technical Status of the Space Shuttle Main Engine" attd dated Fcbrum T 1979, which, with

yore concurrence, I will submit for the record. I am here, today, as a resuh of your request

Of a year ago that the ad hoc Committee review the progress made ill the program since

its _st review in eatIv 1978.

When I presentei:t the findings of the ad hoc Comntittee's tirst review in March 1978,
a numher of modifications had been made to tile engine to correct problems that had

heen encountered up to that time and, in thct, prompted your original request in

December 1977 tot tile National Research Council to review the status of the Space

Shuttle Main Engine development. Most of the modifications had been ntade but were

untested[,l making it impossihle to assess their adequacy.
Our committee met for two days on October 30-31, 1978 at the National Space

Technolog T laboratories, Bay St. Louis, Mississippi an(t, while there, the comntittee mere-
hers were ahle to witness a m_ain engine test run of 823 seconds at about 87 percent rated

power which simulated it case in which a tlight would be ahorwd and the orbiter wottld
return to land at the launch site.

In December 1978 as the committee's second report was nearing completion, two

thes were encountered in the engine development progrant. [2] On December 5, 1{t78 a

fire occurred as a resuh of a leak in lhe Ileal exchanger of a test engine--a component

the review committee had singled out for concern in its first report. On December 27, a

fire originating in the main oxidizer valve virtually destroyed a second engine.

As a consequence of these incidents, you requested that we review the causes and

impact of these prohlems and reexamine our findings and conclusions before suhnfitting

our second report. Thus, ottr contmittee met again February 1-2, 1979, at the National
Academy of Sciences in Washington, D.C., to receive the accounts of the origins and con-

sequencers of tile incidents and to deliberate on their implications for the development of

tile shuttle's main engine.

()lEE" report, therefore, contains the findings and recommendations as a result of

meetings in October 1978 and February 1979.
:Ys mentioned last year, the con¢ept of Space Shuttle Main Engine is simple.

t lvdrogen and oxygen in liquid form are pumped from a tank into a combustion cham-

h(w where the hydrogen is burned and the products of tile combustion, primarily super-

lwated steant, is t:iected at vet",' high velocity through a nozzle.

While the basic concept is sintple--cold liquid hydrogen and oxygen coming in and

superheawd steant propelled out--the wuious tlow paths need meticulous control.

[31 The space shuttle engine has severe requirements of light weight, contpactness, high
absohtle fltrust, and high thrust per potmd of fuel burned. To meet these design require-

ments the engine components must operate at very high power density levels. The wuiotts

COIHpC, EICIEIS aE'e closely coupled and interactive, i.e., the output of one cotnl)onent, of at

tmmp ti)r example, aftcots the performance of all the elentents of the engine hetween tile
rocket nozzle and the pnmp. Thus it mttst operate within relatively close loleran(es wilh

Eegald to presstne and temperalnre.

Mi_iov developments of new tlight vehicles have traditionally proceeded hy stages, with

provision made tot ahernalive approaches ahmg the way in tit(' design and conslvuction
of COlnponents. Customarily, the overall system is separate(I into clusters and std)-cluslers

representing (t tterent comp(mcnts and f{mctioning assemblies. These are designed and
teslcd separately under simulated operational conditions. If necessary, a redesign is initi-

aled to cortect any prot)lems or malfunctions. Ultimately the component or assembly is

qualilied first for peak perlormance and then hmg-lerm service. When major innovations
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are required, an alternative design may, be initiated in parallel with the original. The alter-

native design may be constructed and tested separately. Later, the best design, possibly

with modifications, is chosen and the others are discarded. When component perfor-
mances have been validated, entire assemblies are then tested fi)r coordinated fimctions.

Finally, tile complete engine is put through a series of tests under full power to assess

proof-otzflight capability. Such a step-by;-step approach provides opportunities to test each

piece under conditions that are intended to exceed the demands of operational [4] per-

tormance. In this way, it becomes possible to tmcover unexpected weaknesses and to plata
for contingencies that may, arise in tlight testing. However, in the case of the shuttle

engine, a "success-dependent" strate_, fbr developing the engine is being used. This strat-

egy is a departure from the traditional procedure of development stages in that compo-

nent-development testing was foreshortened and the quantity of spare parts was severely
limited. The snccess-dependenl procedure was intended to offer potential savings in cost

and time, by eliminating parallel and possibly redundant development and test hardware.

Howeven as tbe committee noted in its earlier report, when malfunctions occur during

the testing of the prototype of the operational engine, new hardware may need to be
designed, constructed, and retrofitted, resulting in delays.

NASA plans to conduct the first six manned orbiial flights of the space shuttle at

100 percent power, the "rated power level" of the main engines, l,ater flights will require
a thrust level that is 9 percent greater than rated power in order to launch the full shuttle

payloads into orbit. Therefore, the later development of the operational engine includes

increasing its thrust rating to at least 109 percent of rated power, which is sometimes

called full power level, and maintaining an engine for safe and reliable operation over a

life of 55 missions, which means about 7 1/2 hours or 27,000 seconds of engine running
time with essentially no repairs or refln-tlislnnent.

Tile development of such a life span for 55 missions is not necessary' for the orbital

flight test program. In lhct, to require such a lifetime capability by 1979 or 1980 would be
unrealistic and would result in inordinate increases in the risk of failure and of delavs in

the overall space shuttle program. Since the attainment of high reliability, [5] long engine
life, and performance (in terms of thrust level) canFnot be attained simultaneously within

the schedule, the current approach is to emphasize reliability at the rated powder level

(100% thrust) at the expense of engine litk" and fifll power thnlst level (109% rated power

level). The committee considers this order of priority appropriate. Thus, the successful

completion of the first six orbital flight tests does not signify, the end of the main engine

developnmnt. Further development to elewtte the thrust level to 109% of rated power with
high reliability and 7 1/2 hours lilie must continue. In fact, even after the space shuttle

heconms an operational earth to near-eartll-orhit transportation system, a sustaining engi-
neering program will be needed just as it is for all new transportation systems.

The committee's assessment described here takes account of twosets of problems.
One set was considered in its earlier review and continue[s] to cause concern. The otber

set is those that have appeared during the tests since March 1c.)78. In its first report, the

colnmittee had concentrated on tilt" engine for the firs! manned flight. In the subsequent
review it gave more emphasis hoth to immediate issues and to longer range issues related
to the main engine system.

Rather than base my discussion on a chronological sequence of events, let me first dis-

cuss the two fires that occurred in December. Afler NASA and Rocketdvne had examined

the engines and evaluated the failures, they reporled their findings to the connnittee.

[6] 1. Engine 0007

l)nring the first checkout test fi_r the pretlight certification of engine 0007 on
l)ecember 5, 1978, an explosion occurred in the heat exchanger at 3.5 seconds of the
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plannedrunof50seconds.Thesourceof thet:ailurewasattributedtoaleakin the coil

tubing of tile heat exchanger, which was caused, according to the explanation, by a weak-
hess in the tubing that occurred during arc welding while an adjacent bracket was
reworked with the heat exchanger still in the engine. The weakness went undetected

because existing procedures did not call for a detailed inspection or proof-test of the

reworked part..-ks a result, the heat exchanger and high-pressure oxygen turbopump,

both integral to tile engine, were damaged[,] although these and other major compo-

,tents of tile engine are considered ret,sable. Inspection procedures and pressure testing

have now been established for similar repairs.

The co|nmittee recognizes the description of the cause of the explosion as a possible

order of events but points out that there are two other ways the failure in the tubing could

have occurred--i.e., very high internal pressure caused by a restriction, such as debris, in

the robing, or slow growth of a flaw in the tubing. In any event, the committee recom-
mends that NASA and Rocketdyne establish inspections and proof testing or rebalance

procedures as appropriate for all reworked parts. The paucity of development hardware

ill tile program, coupled with the ambitious test schedule, makes the use of refurbished

parts a certainty. While the practice of using reworked parts and subcomponents provides

valuable experience in the development of an engine tbr a 7 1/2-hour lift" cycle, it
increases the chance for flaws or malfunctions, with the consequent risk of failures.

Therefore, [7] the committee considers it necessa W for NASA and Rocketdyne to devel-

op appropriate inspection procedures with a sense of urgency. Because the committee
considers a faihne in any part of the oxygen system to be potentially catastrophic, the acci-

dent in Engine 0007 reinlorces the committee's concern, expressed in its tirsl report,

about a single-point t_aihne in tile heat exchangm:

2. Engine 2001

Engine 2001 had passed the acceptance test in January 1978 and completed four Main

Propulsion Test Article rtms between April and July 1978---accumulating a total of 287 sec-
onds of test time. ekfter this series of tests, the engine was returned to Rocketdyne for a

turbopnmp retrofit. Then, during the third of a new series of acceptance tests, at
255.6 seconds of its test run, the broke out in the main oxidizer valve, leading to exten-

sive damage to the engine and the A-I test stand. The failure was caused by a sequence of

events: pressttre oscillation in the oxygen flow led to vibrations in the main oxidizer valve
inlet sleeve, which were sufficient to loosen one of eight retainer screws apd.all{)x._' frelling

between metal parts; this resuhed in enough friction to heat the metal to ils lgnltlOn point

ill pnre oxygen.
Actions to avoid fretting in the future inchtde replacing the thin metal shims with

grot, nd shims, coating tile surfaces with an oxygen-compatible dlw lubricant (During a dis-
cussion of dry luhricants, the committee concluded that more study is needed to make a

convincing case that lubricants can be used safely.), and replacing the cap screws [8] with
screws with a conical shoulder, and providing conical seats incorporating a locking device.

The committee supports the need for remedial changes.
In tile design goals of compactness and lightness in the closely coupled main shuttle

engine vihrations of fluid-mechanical origin may occur. This provides considerable

potential for rubbing or fretting. The committee recomnmnds, theretore, that all fasten-
ers shottld be examined for loosening and wherever feasible all means of eliminating such

loosening should be incorporated.
Rocketdvne has initiated an investigation into the source of tilt" vibrations in the main

oxidizer valvt? and potential remedies. The committee considers further investigation into

this problem to be important to pursue.
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The Committee is not gravely concerned by these two incidents. Rather these inci-

dents are considered to be a nornlal part of a development program. In a sense these inci-

dents constitute the price one pays when undertaking to develop any hardware whose
performance is beyond the state-ot:the-art.

Significant progress has been made in the program in the past vean The rate of test-

ing had proceeded toward NASA's goal of 80,000 seconds of test _tiine before the first
manned flight.

Since the Committee's first report, accnnmlated test time as of December 27, 1978,

has more than doubled to 34,810 seconds in 394 firings. Of this total, a little more than

10,000 seconds has been at 100 percent thrust, or tile main engine's rated power level, and
seven tests have been run at 100 percent power for the rid[ 520 seconds that the main

engine operates during the launch. Furthermore, a test run at 102 percent has been com-

pleted as well as the abort and return-to-launch-site run that I mentioned previously.

[9] Tile fact most of this time was accumulated on a single engine implies the
Committee's conclusion that a success|hi engine can be built was correct. Further[,] tile

teardown inspection has been most instructive to NASA and Rocketdvne. :ks the lessons

learned from these engines are incorporated in the design and their vaiue proved bv tests,

the rate of accumulation of time at high power levels will increase rapidly. This will herald
the successfifl manned orbital flight.

The Committee, in its March 1978 report, had recommended that NASA arid

Rocketdyne explore means to acquire and operate a component-development test rig for
the rotating machinery of the main engines. Instead, NASA and Rocketdvne have chosen

to use a rocket engine itself for this purpose. To this end, test stand A-3 ;{t Santa Suzanna
[sic], California, has been reactivated.

Tire Committee considers this approach to be far from ideal and could lead to long

delays in the event of ma.jor t_tilure such as a laihne in a high-pressure turbopunq). Such

a faihtre could resuh during tests to exph>re the fhnctional limits of components includ-

ing the red-line limits [br operational safety because the engine is nsed as a test stand.

An additional consideration is the possibility of an unexpected failnre of a component

during lilt" operational li[_" of tile shuttle. The sustaining engineering program needed to

support the shuttle may be more economically and more effectively carried out through

the use of a component test stand. The (;ommittee is concerned that replacement hard-

ware will not be available when components fail and, worse, spare engines will not be avail-

able for use as new test stands to replace those lost due to component [ailnres.

The Connnittee ctmsiders that it is not too late to develop a component test rig. A
component test rig would be valuable not only in the testing process to extend the life of

tim engine to 7 1/2 hours, but also tor the ['10] sustaining engineering that is likely to

prove necessary over the usefid lilt" of the shuttle. While recognizing that engines will I;ave

to be used for some time to test components, the Committee urges that appropriate
actions be taken to require a component testing.

The main oxidizer valve incident underscores the earlier finding bv tile Connnittee
that [)arts and components need to be tested individually betore they aft" assenlbled and

tested as air engine system. If the main oxidizer valve had' been mounted in a test stand st)

that its compliance could have been tile same as in the engine assembly and tested, the

vibration arr(I fretting might have been identified early in the test program.

()ire of the effects of both incidents is to highlight the shortage of spare parts and

components--not only It) ensure thai tire test and development program can be com-
pleted on a reasonably early schedule but to provide enough hardware for the manned

flight tests and later operational missions. The situation appears more critical now than at
the time of the Committee's last review.

In the report, tire Committee has noted that replacement parts arrd additional

engines to be used as test stands will be needed to advance the progress of the program
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in tileeventofmalfunctionsattdaccidents.Toignorethisinadevelopmentprogramas
highlycomplexasthis[,]oneistotakeinescapablerisks.

Thehighprobabilitythatfailureswilloccurin thecomponentdevelopmentprocess,
whetherconductedonaseparatetest stand or as part of the engine test program[,] is a
further consideration. The Comnlittee is concerned that when components fail, replace-

ment hardware is not included in the program and, worse, spare engines will not be avail-

able for use as new test stands. More test hardware is needed in the program and the

(:ommittee considers it to be urgent that a plan to acquire more test hardware he imple-

mented soon if a costly delay in the program is to be avoided.

[ 11 ] Another area of continuing concern to the Committee is the oxygen heat exchang-

er. You will recall that the Committee was concerned that faihne in the oxygen heat

exchanger, which is located in a hot, hydrogen-rich environment, could he a catastrophe.

NASA and Rocketdyne have contplied with the Committee's recommendation to

explore ahernative designs to relocate or reconfigure the oxidizer heat exchanger. Short
of relocating it in a less perilous location, there is no practical way to eliminate the threat

to the total system in the event of a failure. Since March 1978, NASA and Rocketdyne have

made a design study of a "line-replaceable" heat exchanger that can be nlore readily and

thoroughly inspected in tile field--one that could be replaced and would be less subject

to damage during fabrication..As designed, the new heat exchanger would he about

170 pounds heavier than the present 20-pound heat exchanger The accident investiga-
tion team has determined that the cause of the fire in the December 5, 1978 incident was

a leak, located in a relatively inaccessible region of the heat exchanger, h is of the utmost

importance that the heat exchanger bc readily accessible for routine inspections in the
[iekt. The Committee, therefore, rccmnmends that NASA and Rocketdyne move ahead

with the construction and testing of the line-replaceable heat exchanger for installation

in tile shuttle main engine as early as practicable.

The engine development program includes a Preliminary Flight Certit]cation that

consists o[" a set of ground tests on a single engine. The purpose of these tests is to cerfit_'

the engine configuration for use in the first six orbital flights.

In its initial report, the Committee made certain recommendations with respect to
the minimum test requirements fi)r Preliminary" Flight Certification [12] that should be

fulfilled in tests on a single "flight-coniigured engine" before the first manned orbital

tlight. NASA and Rocketdyne now propose Preliminal 7 Flight Certification test require-
ntents that are essentially in agreement with and, in some aspects, more stringent than the

Comnfittee's recommei_dation. The proposed requirements call lot an accumulation of

5,000 seconds of engine test time, inchtding at least 3,000 seconds at rated power level and

425 seconds at 102 percent rated power level, as well as one aborted-flight simulation

involving either abort-to-orbit (665 seconds at rated power level) or abort with retm'n-to-
launch-site (823 seconds at rated power level). The Committee endorses this set of

Preliminatw Flight Certification requirements as an adequate demonstration of the

engine's performance and reliability for the litst manned orhital flight.
Howeven the Committee is con_:erned that because of design changes, the engines to

be used in the orbital flight tests are not to he of the same conligt, ration as the engine t<)

be tested in the Prelimal T [sic t Flight CertificatiolL The differences are signiticam. While
the Committee continues to recommend the use of a "t]ight-configured engine" lk,r the

Preliminary Flight (]ertificalion tests, it concludes that the Certification, as presently

scheduled,is premature. Tilt." Conunittee recommen(ls that currently planned testing (()[II
tinue but that the tormal Ptelilnmat T Flight Certitication he delayed until the configura-

tion of the engine to be certified is lilt" same as the actual flight engines in all respects

atfecting safety.
The Preliminmw Flight Certification should be viewed as a tormal ewmt. If there are

any configltfation d'iflerences, NASA, Rocketdyne, and in particular the Material Review
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Board and the NASA Aerospace Safety Advisory Panel should agree in advance on the

acceptability of the confignration to be certified. Similarly, if any changes are made dur-

ing Prelimi_lary Flight Certification testing, tile acceptability should be redetermined by
the same groups. ' .

[13] In addition to the conclusions and recommendations that I have discussed[,] the
Committee in its report also makes a number of recommendations as follows:

A. With respect to the first manned orbital flight, the Committee recommends that:

• NASA and Rocketdyne should prepare a detailed technical case for the

method for determining platform crack growth rates, the intervals and pre-
cedures [sic] of inspection, and the criteria lot the replacement of turbine

blades in the high-pressure fuel mrbopump. The case should explain the

rationale and demonstrate that engine operation with some plattorm cracks
is not harmfltl.

• One engine should he removed from the shuttle orbiter tbllowing the first

flight and a complete tear down and inspection performed for signs of wear
or stress.

B. For later in the manned orhital flight program, the committee recommends that:

• An agreed upon list of engine components should be tested to the point
where individual components have each acctmmlated 10,000 seconds of test

time hefore the sixth orbital flight. The test time is to be accumulated on a

schedule that maintains about 3:1 ratio between total time in ground tests
and total time in flight on any single component or assemblv.

C. For the hmger term in the shuttle tlight program, the committee recommends
that:

• A plau to acquire additional engine test and development hardware should

he prepared and implemented in the program as soon as possible.

• The turbine bearing retention s.vstem on the low-pressure tirol turbopump

shoukl be redesigned to reduce any relative motion or fretting between the
hearing and its journal or housing, eliminating the need for dry fihn lubrica-
tion.

• TesLs of the high-pressure fuel mrbopump should take place with uncoated

tttrbine blades, and if test resuhs indicate that a coating is not warranted, its
use should be discontinued.

14 ] • A program should he estahlished to gain an understanding of the source of

platform cracks in the high-pressure fl,el mrhopump tnrhine blades--a pro-

gram designed to lead to crack prevention. An aggressive program should be

undertaken to gain an tmderstanding of the cracking of the high-pressure
fuel mrbol)ttm p turbine blades in order to prevent its occurrence.

• A study should be undertaken to define the prima W cause of the oxidizer

injector post t_tilure to provide a "fix" without the need for shields, thus elim-

inating the source of increased turbine inlet temperature in the high-
pressure fuel turbopump.

• The design, dewqopmem, construction, and wsting of an ahernative high-

pressure oxygen tnrbopump should continue in order to be ready to be
installed in the engines by 1983 or 1984.

In conclusion, I _dll state that the National Research Cotmcil's review committee con-

tmues to have confidence that the space shuttle main engines will perform safely for the first
flight once the recommended tests ;ire successfully completed. However, the committee con-

siders that more test hardware, components and engines, are needed to accomplish the

required testing. For the longer term a component-development test rig _411 be needed.
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With regard to schedule, the committee offers the following comments: Tile first

flight could occur in November 1979 as suggested by NASA officials only if the test pro-

gram to be accomplished encounters minimal or no difficulties. In other words, this

launch date depends upon a completely successful test program.

This is highly improbable. Some components and parts of the engine to be tested for

l'reliminary Flight Certification are new relative to the configurations used in the research

and development engines previously tested. This procedure reduces the probability of

success of the Preliminary Flight Certification. The existence of any components with vet 7

little test time, such as the P-6 engine controller and the new impellor for tile high-

pressure fuel turbopump, leads the committee to the conclusion that an early failure-free

Preliminm 7 Flight Certitication is tmlikely. Any failure (not necessarily catastrophic) will

lead to program delays. This is particularly true because of the existing shortage of devel-

ot)meut engines, spare parts, and test stands. These shortages undermine the expectation
tiw an early manned orhital flight.

From the standpoint of the engines, the committee feels that a first manned orbital

tlight is not likely to occur before April or May 1980, and even this date is contingent upon

adequate hardware li)r the engine test program.

Document 11-21

Document title: John F. Yardley, Associate Administrator for Space Transportation

Systems, NASA, to Director, Space Shuttle Program, NASA, "Study of TPS Inspection and

Repair On-Orbit," June 14, 1979.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

One o/ the major concerns with respect to Space Shuttle sa[ety was the possibility of pieces ("ti/es ") r_
the orbiter's thermal plvtection .system (TPS) becoming loose or faUing off during launch, l[ tile.s were

missing at c_tical points on the orbiter air]fame, there was a danger that the heat o[ reentr)' could

burn throuL_h the orbiter_ surJ_lce and cause a potentially catastnrphic accident. NASA was so con-

cerned about this possibility that various means q/ in-_rl_it inspection and repait; i] necessarv, were

considered.

NASA

National Aeronautics and

Space Administration

Washington, D.C. 20546
AIItl ol"

TO:

FROM:

.]une 14, 1979

Mtl-7/Director, Space Shuttle Program

M/Associate Administrator for Space Transportation Systems

Study of TPS Inspection and Repair on-OrbitsU BJ FX 71":

I talked to Aaron Cohen regarding the subject study and suggested he look at a "Piton"

approach. This would be an EVA using light plastic handles, bonded as the Astronaut goes
to the tile surface with stickey-back [sic] tape. He would then retrieve these by peeling

them off as he returns. They would be designed so that if one was missed it would still
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burn off harmlessly before it would create critical shocks from a heat point of view. I asked
him to review the lost tile test data and t D, to define lhe critical areas which would have to

be inspected so as to cut down the necessary EVA time and labor. I also asked that he

intensi_, efforts fi)r easy on-orbit repairs for file various types of damage that one could

conceive. He agreed to initiate such a study immediately.

You are requested to tollow up on this.

[signed John F. Yardley]

Document 11-22

Document Title: William A. Anders, Consultant, to Dr. Robert Frosch, Administrator,
NASA, September 19, 1979.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

The status (?/the Space Shuttle program was of szLmificant concern to the Carter administration. In

a,]uly 12, 1979, letter to NASA Administrator Robert Frosch, President Jimmy Carter suggested that

NASA seek indqmndent outside judgwtents (_the program's status. In response, Frosch appointed three

exten_al con._ultants to make a top-_M a,_sessment of the pmgvam. One was William A. Ander_, a
Jormer astronaut, a member o[ the Nuclear Regmlatorv Commission, and an executive with the

General l"lect_ic Company; he had been executive secretary, of the National Aeronautics and Space
Council in the _7_ite Hoarse at the time of the decision to _tevelop the Space Shuttle. The second was

retired _qce Admiral Leveling Smith, former director of the Navy k Strategic ,S_,stems Project. The third
wct_ Robert Charpie, [_resident of the ('abot Corporation. Each consultant conducted his own revieTv

and _eported separately to Frosch. 771/_ letter was the report of Anders.

Ill

Dr. Rohert Frosch

Administrator

NASA Headquarters

600 Independence Avenue
Washington, I)C 20500

Baker Hall 4-4

Advanced Management Program
Harvard Business School

Soldiers Field

Boston, MA 02163

September 19, 1979

Dear Dr. Frosch:

I was phrased 1o accept the invitation to look, as an outsider, at the current status of

the Space Transportation System program and to report my observations and recommen-

dations. I have not been directly involved with the Space Shuttle tot some years, but since

I was a "midwiti," to its birth I feel I am in a relatively good position--seven years later--

to measure how the program is meeting its ohjectives.

Operating as an individual, I could only examine the broader questions and problem
areas. But, rather than a disadvantage, I beiieve this has helped give me a perspective that
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has served the main purpose for the request tor a fresh and independent general assess-

ment. My ability to obtain the necessary intbrmation for my evaluation has been due to

the line cooperation I have received not only from you and your headquarters stall', but
also from the NASA (]enters, Aerospace Safety Advisory' Panel, contractors, the Air Firce

[sic], OMB, NSC, OSTP, and many others. 1 was surprised not only by their degree of assis-

tance but also by the consistent pattern of their stories which I have factored into my own

thinking in order to provide you with my observations and recommendations. The ti)l-

lowing snmmarizes my verbal prelinnnary report to you.

Observations

1. Need. The concepts underlying the original national commitment appear even

more valid today. Plans are proceeding to develop a vehicle that will be the base of a fam-

ily tree of reusal_le launch vehicles--cost effective trucks hauling freight to and from orbit.

A'heady, this concept is effecting payload design and operations plans in a beneficial way.

I also sense that the originally reserved attitude of the DOD has rather recently begun to

swing around to one of support and increasing vision of expanded use of the system.

[2] 2. Funding and Management. Many problems in the management of the program

have been cited by a host of reviewers. In my view most of these have really been symp-
toms of the basic problem--tmderbudgeting by successive administrations coupled to a

progressively overoptimistic view of what work should be attempted on redttced resources.
NASA, flush from their outstanding achiew_ment of putting men on the moon and con-

vinced that a shuttle program was vital to our nation, probably had tended to underesti-

mate the degree of some of the technical challenges of the STS and, as problems became

more obvious, probably has buckled too easily to budget pressure. The Nixon

Administration did not live up to agreements of initial funding and subsequent budget

levels nor was the contingency recommended by NASA allowed. Support by subsequent

administrations has not been strong. While permitting the program to continue, the

emphasis has been to pressure NASA to reduce its annual costs below those required to
maintain program schedule and management efficiency. The mtpact of Otis approach,

inevitably, has been to push NASA towards a higher risk and less efficient program where

qualification testing is done concurrently widl vehicle manut:acture and work pertor-
mance shortt:alls are pushed into succeeding years--in essence, schedule slip was substi-

tttted [or adequate fimding levels and contingency. This, in turn, has led to a need for

continual reprogramming of work (very' inetticient) and a stretch in the completion date
and overall cost. NASA managers have had to become so caught up in the budget battle

each year that their program focus tended to shift toward that of achievement of an annt,-

al level rather than the completion of a difficult technical pro}eel.

As the RTD&E program draws to a close attd with schedule now a re-emphasized

ingredient, these chickens are coming home to roost. The program still faces technical

challenges, and increased costs and schedule delays must be laced up to. Though I am not

able to develop a credible estimate of the funds required to complete the program

through delivery' <>fthe presently scheduh'd operational vehicles, the numt)er is finite and

very likely the magnitude of the contingency requested but denied at the program's birth.

3. Technical. The status ot" development and testing does not appear to be unusual

for a program of this nature. Though real technical challenges remain (especially with

regard to the thermal protection system-tile launch survivability, main engine perfor-
mance and reliability, and the hydraulic power unit ot the orbiter) and concern is high,
there are no obvious "show stoppers" at this time. Programs addressing critical technical

areas are underway but program schedule and hardware performance margins appear

worrisomely thin.
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[3] 4. Program Management has evolved to exploit individual and organizational

strengths and styles. Though management has been adequate in the technical/develop-

ment area, more attention to program eonlrol (cost and schedule status projection and

reporting) and operational considerations are now reqtfired. This will require increased

staffing and some reallocation of duties to insure [sic] that key managers are not strmched

too thin. Also, improved reporting and communication in both the program management
line and at the policy levels in and out of NASA is required.

5. NASA Credibility. Though NASA might have had an optimistic approach to tile

STS program for too long and thus helped gel themselves into tile cost/schednle/per-

tormance box we now find the agency, the overall pertormance of the program--consid-

ering its size and challenge--has been quite good. If there is a credibility problem, it

appears to me to he more due to inadequate communication at the top level

(Congress/OMB/OSTP/NSC/DOD) than Io some major programatic [sic] or organic
weakness in NASA. All those involved (in and out of NASA) have been, or should have

been, reasonably aware of t)udget problems and whal has transpired over the past several

years. It NASA has a credibility problem, I believe it is more due to a tendency to be over-
ly accommodating to budget pressure tor tile sake of preserving a national commitmenl

to a[n] STS rather than to a lack of candor. Backbiting and finger-pointing will serve no

usetifl purpose at this juncture of an important national effort. If there is a "problem,"

enough blame can be developed to spread around (maybe even to midwives!). Now is tile

time of all involved to resist carping and kabilzing [sic; akibitzing" meant] and get behind
tbe program.

\Vifll Ihese observations in lnind, I would make the tollowing general and specific rec-
Ollllllendalions:

1. Firsl, and by tin the most important, you should prepare a concise statement of
the major technical and operational probhrms to be solved, a realistic schedule tot shut-

tle availability around which others can plan wilh reasonable certainI), and die cost for fol-

lowing such a schedule. Though the program was probably helped inilially by

"managemenl-hy-schedule-contingency" and work "roll over," this approach appears to
have become cotmter-productive a couple of years ago. Care should he taken to insure

[sic] thal excessive optimism is weeded out and that adequate contingency reserves (cost
and schedule) are now provided. This should be reviewed with the Secretary of the Air

Force and other ,m_jor users tot adequacy and then presented to Ihe Presiden'I as a NASA
(Frosch) commitinent.

[4] 2. The associate administrator, John '_hr(lly [sic:; Yardlev], has become the STS pro-

gram director and generally has done a remarkable job. Nonetheless he is now being

stretched too thin and shotfld he relieved of his other duties to concentrate on tnanaging
the RTD&E program through tirst manned orbital flight (FMOF)--but still at the associ-

ate administrator/policy level. As mentioned earlier, he needs more staff to accomplish
the required upgrading in program and cost control. Additionally, the comnnmications

link between you and the STS progrmn needs strengthening.

3. Organizational steps should be taken to obtain increased attention Io and priori-

ty for tile operatitmal aspects of the STS. I believe there would be multiple benefits m
assigning this area (presently part ofx_trdlv's [sic] ) Io someone tiom DOD and current on

DOD space priorities. This more operationally tocnsed individual mighl take over the

non-RTI)&E/ FM()F responsibilities of the prt'sent ,_kssociale Administrator and should
also he at Ihe policy level.
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•4. Though the safeU' margins may be adequate under an aircraft testing philosophy
(tuning the shuttle to airline-like operation ha.s been a key program guide star), the shuttle

is still the preeminent U.S. spacecraft, and much like Apollo, bears the burden of being a

significant part of the image of U.S. technical capability. Though I would test tly tile shuttle

on FMOF (if problems are addressed as expected), I would worly more about it than I did

for Apollo Eight due to narrower safety margins (e.g. fallout from reduced hardware quali-
fications and unmamaed flight testing). 1 believe that this narrower-than-Apollo-margins sit-

uation should be brought to the attention of the President for Iris review of any national and

international political/policy implications along with }'our re_fsed program estimate.

5. hnprove external communications by periodic (at least once per month) meet-

ings with the Secreta_ of the Air Force and the Director of OSTP (and probably OMB).

These should be only with principals in attendance. Obviously, improved communication

is also necessa_' with NASA's Congressional leadership. Candor and cooperation are key

ingredients to success here.

1 hope you and others will find these views useful and that the recommended read-

justments and additional commitments are made. These, plus a commitment of support

by the President and the Congress[,] will not only help overcome questions of NASA's

credibility but will provide reasonable assurance that you and your team will be able to
deliver a _new and _4tal capability [5] to our nation. But, the pressures to rationalize and

cut corners will likely be great. The time has come for NASA to be fully candid with itself

about the remaining challenges and for you to help our national leadership pull togeth-

er on this important program.
l would be pleased to discuss this titrther with you it" you wish.

Sincerely,

William A. Anders

Consultant

Document 11-23

Document tide: James C. Fletcher, Administrator, NASA, to James T. Lynn, Director,
Office of Management and Budget, October 22, 1976

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

A persistent issuefrom the time the Space Shuttle wasfirst approved until the Challenger accident was

the number of Shuttle orbiters needed to meet I LS. space tran._p_rrtation needs. The 1972 decision on

Space Shuttle development authofzed NASA to build three odJiters; NASA consistently a_ted that two
additional arguments were needed. ,4 secondary but important issue was which organization should

pay Jor the additional m-biters. Some suK_zested ihat because launching Departmem of Defense (DOI))

payloads wouht be a si_,mifieant part o[ Shuttle use, DOD _hould pay fi_r at least one of the additional
or)_iter:_. The enclosure (a N_,tSA-Air I,)m:e joint stud_ executive ._ummm)') does not appear here.
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[1]NationalAeronauticsand
SpaceAdministration

Washington,I).C.20546

Officeof theAdministrator

HonorableJamesT.l,ynn
Director

Office of Management and Budget
Washington, DC 20503

October 22, 1976

Dear Jim:

This letter and the enclosed execntive stnmnarv of tire Joint NASA/USAF Study on

Space Shuttle Orbiter Procurement arrd Related lsstms respond to your letters of June 8,

1976, which requested that NASA and DOD nndertakc such a'study. Following the

September 10, 1976, hriefing, and the draft report of September 15, 1976, provided to

your staff, we initiated the final NASA/DOD npdate and are now providing the final com-
prehensive written joint study report to you.

The Space Shuttle is being develop_ed as the major component of the nation's first

line operational Space Transportation System. The Space Shuule will reestablish our

nation's preeminence in manned space flight, enhance our national prestige, and provide

new military and civil space capabilities. Designed to meet the growing needs of space

transportation, its use will be open to all nations of the world under appropriate safi _-
guards for the national interest. Already, tire development is being shared with other

nations through cooperative agreements with the European Space Agency and Canada. It

is the only meaningful new manned space program currently under development in the

Western world. The Space Shuttle offers a ',vide range of applications for space exploita-

tion in areas such as weatheL earth resources, space science, commttnications, and space

industrialization. The manned reusable vehicle and its associated technology will permit

routine space ol)erati(ms that will contribute significantly to national strength and to
improving the way of life for all mankind.

In order to achieve the flfll economic and operational heneliks of tire Space Shuttle,

there must t)e enough orbiters to provide fi)r the full space transportation requirements
of the nation. The approved NASA program will provide for the first three; those Shuttle

orbiters required beyond the initial three are not included at present in either the NASA

or DOD approved proglam. An FY 1978 start on the procurement of additional Shuttle

orbiters will be required to maintain reasonable schedules and to avoid tire severe cost
penahies of a break in production.

[2] The latest national traffic model described in the study postulates an eventual steady-

state rate of 60 space flights per year. The fleet size analysis shows that, allowing for appr¢')-
priate maintenance periods, turn-around times, good scheduling perfi_rmance, and
potential attrition of an orbiter, a fleet of five orbiters is the minimum fleet size which

shotfld be acquired to support the national requirements projected dtu'ing the 1980-1991

period. This live orbiter fleet is more cost efI_'ctive in supporting the national traffic

model than tire St)ace Shuttle/expendable launch vehicle mix ahernatives required with
a three or tour orbiter fleet.

The futnre space capatrility of the nation is a dominant consideration in estahlishing
the fleet size for the national Space Transportation System. The,efore, we mrlst assess the

fleet size and orhiter procurement decisions in relation to their impact on this fluure

space capahility. A decision now not to procure the additional orbiters would impose a
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tight operational ceiling on our tiittirt" space capability which could adversely impact this
nalion's leadership in space tecllnolo_,_' and the attainnlent of tile significant benefits to
mankind we ;ire certain will evolve through new anti innovative uses of tile Space Shultle

tlcet. Altrition of an orbiter |tom the three orbiter lleei would signiticantly worsen this

posture. The establislilnent of a live orbiter fleet capability would provide the iinpctus for
all classes of users--both cMl and defense--to transition as earl)' as possible fioni expend-

able vellicles io/tie Space Shuttle and lo make serious plans and investmenls in develop-

ing new and unique uses of the Space Shuttle to enhance the benefits fi-om future

exploitalioll of space. Since ihe initiation of the national Space Shullle program in 1972,
NASA and DOD have fimded or developed budget plans for over $11 billion in FY 1978

httdget dollars toward development and support of a viable national Space Transportation

Svslein. We believe it is prudent to add the al)proximate additional ten percent Io this sig-

lliticant investment to practically double our space tlight capability and to provide the
tleei size we believe is the ininiillunl esscntial to move tT_m_'ard in the exploitation of space

and to enhance our national strength and prestige.

The projected cost for two additional orbiters is $1.177 billion in IN 1978 budget dol-

lars. To require flmding of this amount from within the tightly constrained currently pro-

jet'ted budgets of either DOD or NASA would have a severe impact on either agency's

capability to accomplish its planned national objectives. It is agreed with DOD that fiind-
ing rcsponsibilily for the addiiional orbiters should be placed where the responsibility fi)r

llianageinent and performance now rests: with NASA. DOD believes that the titnds

ahcadv in their budget for facilities, payload transition, [3] alid upper stage developnlelll
constiiule a "tTlir share" investnlent ill the Space Transportation System as related to lheir

p[allncd utilization.
It is recommended, therefore, thai the U.S. conlmit itself to a tire-orbiter tleet and

/hat the t_.lnding tot the tWO additional orbiters be provided to NASA as an add-on to the

cttrrentlv projeeied NASA budget. The required cost of $1.177 billion in FY 1978 budgel

dollars would be spread over a period of seven )'ears, with $41 million in accrued cosls

required in FY 1978 and $289 ntillion in accrued costs required in the peak year, FY 1982.
Even with these additions, the NASA budget would continue to be well below the levels

prRiecled and publicized at the time/tie Space Shuttle was first approved.

Siliccrely,

.litllles C. Fletcher
Adlnillislrator

National Aeronautics and Space Administration

Enclosilre

Document 11-24

Document rifle: James T. Mclntyre, Jr., Acting Director, Office of Management and

Budget, to Robert A. Frosch, Administrator, NASA, December 23, 1977.

Source: Jimmy Carter Presidential Library, Atlanta, Georgia.

A conti_ uiut_ issue throag_hout the Carter admi_Hstration (1977-81) and indeed up to the time r_/the

Challenger accident was how man_' Space Shuttle orbiters to build. _%]JiSAartpted that a/ire-orbiter

.[leet was needed to meet the anticipated demaud Jm Shuttle launches. This arl,_ment was/Tr_t made
to the Carter White tfou._e in late 1977, as flmmy Carter Jormulated his.fi_:_t budget since enteHng

oJfiee. Both the Carter arid Reafan administrations resisted NASA{_ arg_lments; ultimately, only
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"structural spares" fijr an additional orbiter were authorized. 7"ko.ge ._]:are pieces were the basis .fi_r
developing a replacement orbiter [br Challenger.

[1]

Honorable Robert A. Frosch

Administrator

National Aeronautics and Space
Administration

Washington, D.C. 20546

I)EC 23 1977

Dear Bob:

The interpretalion in yore December 21 letter that "The President decided that an

option for a fifth orhiter should be negotiated now . . " is not a correct reading of the
President's decision. The decision was clearly to support a timr orbiter option, with NASA

authorized to negotiate an option 1_)1 an option to proceed with a fifth orbiter. Thus, two
decisions wonld have to be made in the outvears: 1) a decision in the context of the FY

1981 budget on whether to provide additiotlal funds ti)r the option; and 2) a decision
then or later to exercise that option.

The President stated his explicit concern that no action he taken that might be inter-
preted as a possible cominitment no_' by the (;overnment to |mild a tifth orbiter. The

option ti)r a tifth orhiter should be kept open for fltmre Presidential consideration and it

is NASA's obligation to assnre that no actions, contractttal or olheta,+'ise, are taken that
might tend to ])re-erupt the President's futttre decision on a tifth orbiter.

The President's decision on space shuttle orbiters can t)e SUmlnarized as ti)l]ows: The

Administration has reviewed the projected uses of the space shttttle in the 1980's and has
concluded that:

- Early transition from expendable launch w_hicles to use of the space shuttle fi)r
civilian and milital T purposes should he en<'tmraged with operations t)'om lattnch
sites on both coasts by 1984.

- A total tleet of timr operational orbiters will ineet civilian and milita_ T shuttle
flighl requirements and fimds to proceed with production of a tour-ort)iter tleet
are provided in the NASA budget for FY 1979.

- Additional orbiters can be considered ti)r tim(ling in [imue years in the event that

projected tlight rates (or the loss of an ort)iter) warrant augmentation of the oper-
ational orbiter tleet.

[2] A brief stmlinary of the President's shuttle decision, along the lines outlined above,
will be included in the President's hudge! (locmnent.

Final b, the President's 1979 budget and the run-out projections of the NASA program
that support the President's Imdget should not include any filmre-vear allowance for the

cost ofmaintaining orbiter production capability through FY 1983. _. decision on whether

to maintain such a capability or to go ahead with prodtwtion of a fifth orbiter can t)e

raised for Presidenlial consideration and budget decision in 1_" 1981, or later, as circmn-
Stall('es gral'l'H 11 [.

Sincerely,

James "E Mclntyre,Jr.

Acting Director
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Document 11-25

Document title: Robert A. Frosch, Administrator, NASA, to President Jimmy Carter,

November 9, 1979.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

At the end o] 1979, NASA ._till believed that the initial Space Shuttle launch would take. place sonu"

time du_ng 1980. In this lett_ prepared in anticipation of a presidential meeting on the Space
Shuttle (see l)ocument 1L27), _\_4SA Administrator. Robert Frosch outlined .[or President Carter the

vm_ous reviews that had already, taken place and those scheduled bf/bre a final decision to rommit to

a Shuttle launch attempt. Alan'Lovelace, mentioned in the lett_ wa.s NASA_ l)eputy Administrator.

[l] NASA
National Aeronautics and

Space Administration

Washington, D.C.
20546

Office of the Administrator

November 9, 1979

The President

The White House

Washington, DC 20500

Dear Mr. President:

The first launch of the Space Shuttle will, of course, have a high level of domestic and

international interest and visibilily, and I want to outline tot you the pre-latmch steps l will

take. 1 can review these briefly at our meeting on Wednesday.

The basic philosophy underlying the Simttle launch decision, as with other launch
decisions by NASA over the years, is that we will launch when ready, and not before. This

means tim(we will launch when we have accomplished each of the pre-launch tasks we set

ourselves, and are thus satisfied that ever)' practical efli)rt has been made to reduce risk--

to assure crew safety and mission success. And it means that once read),, we avoid any risks

inherent in fimher delay.
1 would not want to give the impression that the reviews and activities listed below are

all-inclusive. NASA has in place a formal, stnlctnred set of procedures leading through a

hierarchial [sic] structure of tests and reviews far too mmlerous to recount here. The list

below excludes, for example, the monthly Shuttle program re_fcws chaired by DepuD'
A(hninistrator Lovelace, numerous contractor, field center and program otlice activities

and my periodic discussions with the astronauts. 1 am highlighting here the major, top-

level r(,quirements in two categories: in-line prograin etlorts and independent internal

and external reviews and analyses.

In-line Eitorts

- Design (]ertification Review. Conducted last April, this review led to acceptance

tot first tlight of the basic Shuttle design. Several open questions (e.g., effects of lank

icing) were identitied, and work on them is contintting. All such matters will he ch)sed well

in advance of launch.
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[2] - Mission Rules Review. Extensive, precise mission rules are established hefbre flight,
laying out the limits <fraction by all parties--tlight crew and ground control. Tile final review

will be completed by FebruaiT,' and the rules adopted after study by Dr. Lovelace.

- Flight Certification Program. Each major system and subsystein will undergo a thor-

ough, vigorously preplanned series of tests designed, conducted and docmnented to provide
maximum confidence in successflfl pertbnnance in the flight enviromnen/. These tests have

heen underway |or much of the past year, and _dll continue into the Spring of next year.
- Flight Readiness Firing. We will conduct a numher of full Shuttle system tests of

the flight vehicle on the launch pad. Several of these critical tests will invol_;e proceeding

through a rill countdown to the point of ignition. One will continue on to actual ignition
of the liquid fifll rocket engines for 2() seconds. Thus all launch systems will be exercised
except for solid rocket ignition and lift-off, which will be simulated.

- Flight Readiness Reviews. A comprehensive series of reviews to determine the

flight readiness of each of the elements of the Shuttleilor example, reviewing the entire

development histol T and certification firing experience of the liquid fiml engines--will
cuhninate in at final two-day review attended hy Dr. I,ovelace. The resuhs of this review will

be presented to me, and I will then make nay decision in light of these reviews and the
additional steps outlined below.

htdependent Reviews

,acs referenced in nay report to you on Shuttle Management, the statuto W Aerospace

Safety Adviso W Panel, Professor Co_'ert's Conmfittee on the Shuttle main engine, and Dl:
Ashley's Committee on the themaal protection system have been at work tbr some time--

the sail's' panel for nearly a decade----on Shuttle issues. ?kshlev and Covert have reported
their findings to me and their groups have been dishanded.' They will continue to stay

abreast of our work, and I will consuh personally _Jttt them hefore apprm4ng the first fligh(.

- Aerospace Satety Advisor, Panel. In addition to its continuing reports, the panel

will attend the flight readiness rmiew and will report its assessment separately to 1)r.
Lovelace and me.

[3] - Chief Engineer. The NASA Chief Engineer is organizationally independent of our

program line elements. His independent assessment of the flight certification test pro-
gram will he available during the readiness reviews and to Dr. Lovelace anti me.

- Prime Contractor Management. I _dll discuss with the corporate managers of the
major Shuttle prime contractors--Rockwell, Martin-Marietta, and Thiokol--their assess-

ments of our readiness prior to making my decision.

- Flight Crew. I will talk with the flight crew immediately prior to nty launch deci-

sion, to be sure lhat they are satisfied with all thai has been accomplished.

When, in light of these steps, I have made the decision to launch, 1 will notit!¢ yon
immediately in writing that these steps have been taken, and of the scheduled launch

date, which will then be about one week away. As a final step, Dr. Lovelace and I will par-
ticipate in a review of all pertinent factors one day betore the scheduled launch, to deter-

mine if any anomaly during tinal preparations warrants rescheduling.

It nlust be recognized that there will always be some risk in any space mission. It is my task
to understand and nainimize that risk. The process I haw, outlined will enable me to exercise

my responsihility fin approving the IlLst Shuttle latmch with the greatest possible confidence.

Respectflflly,

Rohert A. Frosch
Administrator
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Document 11-26

Document tide: Brigadier General Robert Rosenberg, National Security Council, "Why

Shuttle Is Needed," undated but November 1979.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

The staff oj the Office of Management and Budget (OMB) in theJall of1979 raised the possibility, of

terminating the Space Shuttle program, given its technical problent* and schedule delays and the desire

of the Carter administration to reduce the .fi,deral budget. Air Force Brigadier General Robert

Rosenberg, on detail to the staff oJthe National Security; Council in the 14?_ite House, prepared this

brie/ paper c_ a counter to OMB'.* position. 77w paper was one of the inputs to a November 14, 1979,

presidential meeting on the Space Shuttle (see Document 11-27).

[ 1] WI-W SHUTFLE IS NEEDED

Maintenance of world leadership in space and associated technologies is essential to

the long-term political and strategic position of the United States in world affairs and in

the pursuit of our national goals and policy. Shuttle will be the world's first reusat)le space
vehicle and because of its reduced operational costs, increased operational capabili D' and

flexibility the Shuttle will propel the U.S. space program a generation ahead of foreign

capabilities and technologies. Without Shuttle plus the inherent ability of man to operate

in space, the capabiliw to exploit space effectively to maintain world leadership will be

impossible.
Foreign focus on space is evidenced by their intense interest in developing competi-

tive expendable boosters should the U.S. t'alter or retreat in its space leadership. The U.S.
has no current manned space operating capabiliD '. The currently operational milita W and

civil Soviet manned space program could provide them with significant scientific, techni-

cal, political, and strategic advantages which cannot be overcome with an expendable
launch vehicle-based U.S. space program, lfwe do not expend the thought, the effort, and

the money required, then another and more progressive nation will. It will dominate

space, and it will dominate the world.
Loss of space leadership by termination of deterral of Shuttle operations will be com-

parable to losing U.S. lead in the airline industry. Significant loss of jobs would occm, siz-
able dollar outflow would result as U.S. industries, especially communications, move to

foreign launch capabilities. Foreign interests would use foreign boosters rather than
Shuttle, thns increasing trade deficits. American industw use of foreign boosters would be

enconraged if Shuttle is not available because of foreign government sul)sidies for low cost

launch setwices. Foreign governments would seek, as part of bargaining strategies[,] to
obtain sensitive American technology flom the American customers. In the long term,

American customers, because of profit incentives, would become captive of the selected

foreign booster as a result of additional costs required to redesign operational satellites

for compatibility on subsequent U.S. boosters.
Shuttle will encourage a more vigorous space program which is one of the most pow-

erfifl ways of stimulating U.S. economic growth through R&D. This would increase InO-

ductivit_i ixnprove onr international competitive posture, support U.S. private capital

tormati_m and provide anti-inflationary effects.
From a national security aspect, shuttle capability allows large structures to be built in

space for enhanced monitoring of arms control agreements over present day capabilities.
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Shuttle will allow adequate advances in our military space capabilities as required to

counter tile growing Soviet space threat to deny others the use of space.

Shuttle represents a U.S. comnfitnmnt to itself and the world. American and tor-

eign users have made significant financial investments based on its availability in the early

1980's. Rew)cation of this commitment [2] would seriously erode the U.S. posture as a

world leader that honors its pledges.

Ten European nations, with the encouragement and agreement of the U.S., are com-

pleting development at their own expense (over $500 million) of the manned Spacelab

for use solely with the Shuttle in the 1980's. The Spacelab provides unique capabilities for

manned scientific attd technological advances which could provide significant benefits in

new developments to the people on earth (e.g. new medical advances, new lightweight
materials). Termination or extensive delay of the Shuttle not only would thwart such

advances but would be regarded as an act of bad faith and seriously undermine the con-

fidence of our allies and unaligned nations in other U.S. commitments.

Shuttle will dramatically change the economics of space. Our largest expendable

booster is Titan Ilk Shuttle will be able to reach low-earth orbit with roughly twice the pay-

load at less than half the cost. And Shuttle payload costs will also be lower because of the

relaxation of design requirements made possible by the Shttttle's large cargo bay, moder-

ate latmch and flight environment, and on-orbit maintenance capabiliD'.

(]urrent boosters have but one purpose--to launch payloads. Shuttle has inany pur-

poses. Ii has been designed to smwice and refurbish satellites, retrieve and return to earth

payloads weighing up to 32,00() pounds, pertorm dedicated experinlentation and tech-

nolo_, dew.qopntent missions, can T passengers in relative comfort, and, with suitable

upper stage propulsion, launct_ flom orbit satellites and spacecraft whose missions require

the attainment of SUl)er-orbital velocities.

It will enable us to assemble large structures in space--an essential capability if we are

to fully use the space environment to help solve earth-based problems.

Satellites taken into space can be carefully checked out in earth orl)it before being

orbitally inserted. Thus, loss of expensive payloads due to launch induced malfutlc-
tions will be eliminated.

Payload bay volume permits pooling of payloads, reducing flight costs.

Finally, Shuttle will allow us to return space-produced prodttcts to earth.

Shuttle will stimulate advancing technology in virtually eve W field in which the U.S.
excels. The direct economic contributions of the Shuttle will grow to major proportions

as we expand the industrialization of space. One recent study estiniates that some

2,000,000 direct jobs will be created by the year 2010 through an active space industrial-

ization prograln made possible by Shuttle.

Strong national support and prestige is focused on Shuttle as a means fi+r tnain-

raining space dotninance as evidenced by broad user interest and recent space policy state-

ments. Significant delay or abandonment of the Shuttle and manned space capabilities at

this time would be viewed as a loss of national pride and direction. The notion that we are

forced for short term economic reasons to abandon a major area of endeavor in which we

have achieved world leadership at great cost is sintply not credible.
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Document 11-27

Document title: Office of Management and Budget, Background Paper, "Meeting on the
Space Shuttle," November 14, 1979.

Source: Jimmy Carter Presidential Library, Atlanta, Georgia.

This paper was prepared as backg_vund.fiyr a White House meeting with President.fimmy Carter to

discuss the status and fizture q/the Space Shuttle program. During 1978 and 1979, the Shuttle pro-

gram had experienced a series t_teehnieal problems leading to schedule delays and the need Jor addi-

tional budget resources. Some of the staff within the oJ]ice of Management and Budget had even

recommended that Carter cancel the program. This meeting was caUed to infi_rm Carter q/the result_

t_several external reviews oJ the Shutth' program and of NASA's actions to overcome various Shuttle

development problems. 7"he outcome of the meeting was a presidential decision to proceed with the

Shuttle program as planned. 7"his paper included Jbur "tabs" as attachment.v only 7hb ,4 appemx

here. 7'he class!Jied Tab B is not ceprinted here; howevel; 7hb C appear_ as l)ocument 11-25, and
7hb 1) appears as l)ocument II-26.

[no page number] EXECUTIVE OFFICE OF THE PRESIDENT

OFFICE OF MANAGEMENT ._D BUI)GET

WASHIN(;TON, I).C. 20503

Meeting on the Space Shuttle...

Wednesday, November 14, 1979

10:30 (1 hour)

The Oval ()ffice (15 minutes

with I)r. Frosch)

Cabinet Room (45 minutes

with others)

From: Zbigniew Brzezinski

James T. Mclmyre, Jr.
Frank Press

I. PURPOSE

To discuss with Dr. Frosch and your advisors the slams of the Space Shuttle Program

and actions I)eing taken to deal with cuccent prohlems.

I1. BACKGROUND AGENDA, PARTICIt_ANTS, AND PRESS PI,AN

Background: On July 11 you wrote to Dr. Robert Frosch, Administrator of NASA,

requesting that he appoint a t_'w highly competent and independent individuals to

assist him in making a comprehensive review of the Space Shuttle Program. I)r. Frosch

wrote to you on October 1(1 on the management actions he is taking to deal with prob-

lems in the l)rogram, including the views of the independent advisors. A{ that time we

agreed to meet with you, l)r. Frosch, and ltarold Brown to report on the shtmle's

technical, schedule, and budget status, as part of the FY 1981 Budget process.
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Agenda:

10:30: The President meets with Dr. Frosch in tile Oval Ottice.

10:45:
The President and Dr. Frosch nreet widl Dn Hans Mark (Secretm T of the Air"

Force, representing Itarotd Brown), [Executive Office of the President]
senior staff, and others in tile Cabinet Room.

10:50: Dr. Frosch makes a viewgraph presentation on the Space Shuttle Program.

11:10: Question and Discussion Period.

11:30: Meeting adjourns.

[2] Participants: The President, Bob Frosch (NASA Administrator), Hans Mark

(Secretao' of the Air Force), Alan Lovelace (NASA Deputy Director), John Yardley
(Shuttle Program Manager), Bill I,illy (NASA Comptroller), Zbigniew Brzezinski,

David Aaron,Jim Mclntyre,John White, Bo Cutter, RandyJayne, Curt Hessler, Frank
Press, and Ben Huberman.

Press Plan: No press coverage planned.

11I. FURTHER BACKGROUND AND TALKING POINTS

Additional background materials are attached:

Tab A--a "shuttle program assessmem" which summarizes a larger paper devel-
oped by ()MB working with NASA and with NSC and OSTE

Tab B--a classified assessment of the backup options, decision dales, and costs fi)r

national security launches.

Tab C--a letter from Dr. Frosch on the steps he is taking to assure safety of the
sht,ttle llighl crews.

Tab D--a brief NSC stuff paper on "why we need the shuttle" which addresses

shuttle capabilities and the ptogranFs implications for the United States.

Your advisors remain convinced, despite recent technical and cost problems,/hat the

shuttle program should be continued on its present schedule. At this late date, it

would not be econoinic or prudetlt to cut the program short, to slow it down, or to
redirect it in some radical fashion.

Ahh<mgh covered in Dn Frosch's presentalion and in some detail in the attached pro-

granl assessment (at Tab A), we would _ for you several problems where the per-

sonaljttdgnmnts ot+Bob Frosch and Hans Mark are especially important for you lo hear:

(1) Management: Dr. Frosch reported to you last month on changes he is making

to improve management of the shuttle program. The key changes inw)lve

increasing audit/cost owwsight of the program at all levels and creating a new

NASA Associate A(hninistramr position to plan and rtm the shuttle system
once it becomes operational.

- Are flmse reforms progressing satisfactorily?
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[3] (2) Schedule risks: Tile main teclmical risk to lavnching the First Manned

Orbital Flight (FMOF) by September 1980 is- the development and testing

program for the main engines.
- What is the probability that this[,] or other problems, will push FMOF

beyond September 1981?
- Wl'lat is the likelihood of a slippage of 6 months or more beyond

September?
(3) Program costs: NASA presently believes that shuttle costs (including program

reserves) will exceed the projections in the 1980 budget by at least $520 mil-

lion in FY 1980, and at least $720 million in FY 1981.

- In light of ongoing cost reviews at NASA and the recent problems with

main engine development, are larger add-ons likely? How much larger?
- How firm can the cost numbers be in the FY 1981 Budget?

(4) Contingency plans: Slippage [ot] FMOF beyond September 1980 would

require some of the scheduled commercial customers to use systems other
than the shuttle. An extended slippage might require some DOD tlights to

use other launch vehicles.

- _]aat is the status of contingency planning at NASA to provide ahernative

launch capabilities for civilian payloads? When must such contingency
decisions he made? What are the alternatives in the ci_l flight program if

shuttle slips 12 to 18 months? What will he the cost of providing backup

systems (to the U.S. Government and to the private users)?
- Whal is the status of contingency planning at DOD? When would we

know if shutllc cannot support critical SAIX[Strategic Arms limitation

7alks]-related missions?
- To what extent do firm civilian and militar T payloads depend upon auain-

ment of the high-perfinmance (109 percent) shuttle engines?

Ill

National Aeronautics and Space Adminislralion

Space Shuttle Program

_¥ssessmen t Summary

Tab A

11/12/79

()VERVIEW

This assessment:

Sets lorth the current Shuttle development schedule. Key dates are August/

September 1980 for First Manned Orbital Flight (FMOF) and late 1981 for First

Operational Flight (FOF) at Kennedy Space Center.

Identifies key problems in achieving the schedule. M;_jor findings:

• NASA is having difficulty with main engine development, testing, and certifica-

tion and tim main engine problem is the current nlajor lhreat to schedule and

budget. However, if engine l)roblems can be overcome, the program appears to
have adequate schedule margins to meet FMOF by September 1980 and all other

launch dates thereafter.

• Schedule slippage for FMOF beyond September 1980 would impact some com-
mercial and natiolqal security missions. Ahhough further slips are not now lore-
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seen, our ability to forecast finther problems is quite limited. Therefore, funding
decisions are required soon to continue to protect back-up launch options for
some national secnri%, and commercial payloads.

- Describes the safety problenl_ One of the three senior outside consultants appointed
to review the program on your behalf expressed concern about "narrower-than-
Apollo" safety margins. Major tindings:

• While Apollo conducted more beyond-design-limits testing and launched some

early flights unmanned, there is liitle difference in design safety factors between

Apollo and Shuttle and the Apollo moon missions had single point failure _ad-
nerability and fewer abort options than Shuttle.

• NASA is undertaking a continuing, detailed flight readiness review to cnhniuate

on launch minus-one day with a decision by the Administrator. Also, NASA plans
a tirst flight with uniqueiy wide satiety margins.

- Analyzes costs and cost overruns_ NASA completed a major cost and schedule review

this summer; after the April budget amendment, and ¢ieveloped more conservative

and precise estimates for their 1981 budget plan that provide coverage tbr FMOF

through September 1980. The April budget amendment and the re-estimates raised

Shuttle timding, compared to theJanttaD, 1_ 1980 budget, by $520 million in FY 1980

and $727 in FY 1981. However, because of the recent engine problems, it is now only
50% probable that FMOF will occur hy September 1980 and NASA estimates that an

additional $50-100 million in FY 1981 may be required above tim previous i_' 1981
budget request.

[21 - Identifies the options_ decision dates, and cosLs for providing backup options tor
national security and commercial latmches. Major findings:

• Most national secmily missions currently manitbsted on Shuttle have back-up
options secured; hmg-lead protection ti)( national security launches with a con-

tinued full commitment to the Shttttle would require five-year costs of approxi-
mately $250 million.

• Many commercial users currently manifested on the Shuttle have hack-up options
secured, hut some would require a minor uprating of standard launch vehicles

(which NASA has proposed to (osl-share with industry) and some can use only

the Shuttle. Several commercial users have already ha'd to revert to expendable

launch vehicles as a resuh of Stmttle schedule slips and others will do st) if further

slips occ[lr, therehy losing their potential savings from flying on the Shuttle. A ti'w
users are currently negotiating with foreigners for launch services.

• Some commercial and natitmal security payloads have been Shuttle_)ptimized to
the point that a major redesign would he required to adapt to expendable boosters.

- Identifies the management improvements underw:_ to meet schedtde and (()st goals,

especially the establishnmnt of a new Shuttle Operations unit within NASA and the
search for approl)riat e staff to create a responsive service organization.
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SHUTTLE SCHEDULE AND RISK OF FURTHER DELAY.

Tilt" current major schedule milestones are summarized below.

Current Estimate_

First Manned Orbital Flight (FMOF)

_th Orbiter OV-102 "Columbia"

Initial Operational Capabili_' (1OC) at KS(;
and Finst Operational Flight (FOF)

Initial Operational Capability at
Vandenberg AFB (VAFB)

June/July 1980 at 10% probability and

August/September 1980 at 50% probability'

September/December 1981 (depends on
4 successful test tlights after FMOF)

December 1983 (depends on completion of

VAFB facilities and timely delivery of

production orbiters)

Production Orbiter Deliveries
OV-099 "Challenger" June 1982

oV-103 "Discover" September 1983

OV-104 "Atlantis" December 1984

[3] The most critical program milestones are First Manned Orbital Flight (FMOF), First

Operational Flight (FOF), and delivmT of orbiters OV4)99 and OV-103. For the FMOF, the
cnrrent schedtde supports a late June/early July launch with only 10% probablility [sic]

and late August/early September launctl with 51)% prot)ability. NASA's 1981 tmdget

request assumed a July launch with 50% probability, but provided coverage ti)r a

September launch.

Major milestones in the achievement of First Manned Orbital Flight to meet the

Angust/September 1980 current estimate are shown below:

Current Estimate

Corn letion Date Signiticance_"

December 1979 Would indicate that previous
problelns have been cleared.

Event

Resumption of Main

Propulsion Testing

Orbiter Rolhmt from Orbiter

Processing Facility

Feb./March 1980 Would signal completion of all
orbiter manufacturing, lile pull

tests, and most orbiter systems tests.

Orbiter Transfer to Pad

(',ertilication of Remaining

Orbiter Systems and Software

Thermal Protection System
Certitk:ation

March 1980

March/Al)ril 1980

April 1980

Wonld signal successlhl mating

or major systems.

Would signal completion of most
detailed systems testing, includ-

ing interaction of grottnd and

tligbt systenls.

Would nlean key sati'ty COllcerns

[are] resolved.
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Evellt

Flight Readiness Firing

(]ertification of Main Engines

tot First Flight

(]uITent Estimate

(;ompletion Date

May 1980

June 1980

Significance

_'ould indicated [sic] successfhl

group operation of main engines

and all other Shuttle systems

excepl the solid rocket boosters.

_Akmld mean engines are ready

FMOF
July/Sept 1980 Full system demonstration.

This schedule involves a high degree of concurrency between actual hardware deliver-

ies/flight preparations and the completion of certitication testing. The high degree of
concurrency causes significant risk of fllrther delay froln adverse test results.

Key risks in meeting the FMOF date (September 1980) are that:

The main engine t:ertification presents the major threat. The last main propulsion

test on Novemher 4 experienced two engine problems which, although n<)t cata-

strophic, will require additional analysis, component testing and possibly engine motl-

ifications betore tlight. Once main [4] propulsion testing can begin again (now
estimated fi)r mid-l)ecemher 1979), at least 7 additional successful tests will be

required hefme FMOF, with a mininmm turn-around lime of 3 weeks t)etween tests.

Delays from any further engine prohlems would depend on how flight-related the
prohlem is--a well understood fatigue prohlem might not aflect first flight.

Further schedule slippage could also occur if:

• Actual lest experience or review of expected loads on the thermal protection tiles
Inandate a replacement of a high percentage of tiles. Completion of tile installa-
tion coul{t he delayed until March if planned re-installation rates are not achieved

or current r¢!ject rates increase sharply. Current progress rates (October data) do
not raise serious COll(('rllS [lere.

• Major problems are discovered during upcoming integration tests of whether all

the software and subtle and protbund difficulties are found in making all software

programs and associated hardware play together.

• A large number of small prohlems develop, delaying orbiter rollout (e.g., orbiter
certification, hardware/software certification).

A minimum 4 week to 6 weeks' delav could occur if any problem is encountered when

the Shuttle is on the Pad that reqtlires it to return to'the Vehi(le Assemt)lv Building
or to the Orhiter Processing Facility. If such a problem occurs, it is most likely to he

identified at the Flight Readiness Firing 6 weeks before tlight, when tor the first time

the main engines, all electroni(-s, and the auxill;u T [sic] power units will all be tested
together.

However, 75% t)t all Shuttle testing has been (:ompleted satisfactorily and most major final

lmrrhvare systems are aheady in pla(e for the complete Space Transl)ortation System
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Key risks in meeting tile First Operational Flight (FOF) date (September 19811:

- any delay ill FMOF;

- pr_)blems encountered in the four orbital test flight.s; and

- major problems in performing "turnaround" of the orbiter in preparation for next

launch.

Reducing turnaround time from several months in the orbital flight tests to several weeks

in mature operations is critical to operational cost-effectiveness--and is currently highly

uncertain.

Most key milestones atier FMOF are keyed to achieving planned pertormance improve-

ments (e.g., higher engine thrust levels).

Achievement of the fidl 109% power level tor _abort conditions alone would be sufficient

to support planned launches in the 1982-1983 period. Achievement [5] of tile planned

weight savings in the fi)llow-on orbiters, the external tank, and tile booseters [sic], and
some fractional (about 102%) improvement in sustained engine perlbrmance will provide

adequate margins tk)r even the most demanding mission now planned. NASA is also con-

sidering development of extra strap-_m rockeLs which could provide even greater perfl)r-

mance capabilities in later years (post 1984).

For the production and delivery of later orbiters (i.e., OV-099, OV-I03, OV-104) current

schedule margins appear achievable.

FLIGt|T SAFEqS'

One of the three senior outside consultants appointed to review the Shuttle program on

behalf of the President, former A+stronaut William Anders, expressed the view that the

Shuttle system had narrower-than-Apollo safety margins because of reduced hardware

qualification testing and lack of unmanned tlight testing for the Shuttle program. NASA

program managenlent believes that the Shuttle compares more favorably to the Apollo

program when examined in detail.

The Space Shuttle has been designed with factors of salety basically comparable to those

of the Apollo program. For example, the Shuttle has been designed to a 1.4 structural tac-

tor of satetv as was Apollo. The Apollo structural ground testing was conducted to 1.4 of
limit loads;'the orbiter has been tested to 1.2 of limit loads; and the external tank and solid

rocket booster have been tested to 1.4 of limit loads.

XAhile there is little dilterence in design satiqV ti_ctors between Apollo and Shunle, Apollo

did conduct more testing beyond design "limits and did launch SOlne early flights

unnlanned. However, the Apoll_> moon tnissions had single point failure vulnerability and

fewer abort options thart Shuttle. In the judgment of NASA program management, some

Apollo flights were considerably more risky than Shuttle FMOE

:ks a conserwuiw_ approach, NASA plans to tlv a benign mission ti)r the first tlight that will
restrict the limit loads to 80% of design, which will increase the |:actor of safety on FMOF

from 1.5 to 1.8 of design liinit loads.

l+annch delays ti+t FMOF will not adversely att+ect tlight safety margins. For tlighl safety,

reqttire(l testing must be complete before a commitment to |light can be tnade.
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Criteria/proceduresfor determiningflightreadinessconsistof anorganizedseriesof
detailedtechnicalreviews_dthtoplevelmanagementover'clews,commencingwithtile
DesignCertilicationReviewlastApril,andconcludingwitha launch-minus-oneday
review.TheAdministratorwillmakethefinaldecisiononflightreadiness.

Outsideadvisorygroupsprovideanindependentassessmentofproblemareasandpro-
videactionrecommendations.Examplesinclude:

- TheAerospaceSafetyAdvisoWPanelwhichhasreviewedtheprogramfiomthe
outsetandreportstheirfindingsatleastannuallytotheAdnfinistrator.

[6] - AdHocGroups,suchastheCovertCommittee on the main engines, tile A_shlev
Committee on the thermal protection tiles, and the Wilkerson Committee on lht"
hydraulics system.

In addition, N,_SA has had internal reviews utilizing organizations t'ronl NASA (kqltel_.' not nor-

mally involved with day-to-day operations of tile Shuttle Progl,am, and NASA has used DOD

expertise where applicahle to trouble spots (e.g., satk- handling of solid rocket propellants).

SHUTTLE PROGRAM COSTS

Cost estimates for total Shuttle development increased substantially in the past two years
because: "

Annual program costs were tightly constrained and estimates of work that could

be accomplished within annual cost limits were overly optimistic, causing much
work to be postponed and overall schedules to slip.

Tile flmHe cosl impact of p(>slponed work was diMcuh to estimate. Management

and program control resources were insufficient to develop precise estimates.
The firmness of critical launch dates beginning in 1982 and the extent to which

fllose missions were dependent on the Shuttle was not established until about a year

ago (although tile Shuttle was from tile beginning designed to meet tile space trans-
porlation needs of national security programs beginning in the mid-1980s).

A series of technical problems developed late in the Shuttle development pro-
gram. For instance:

• In Decemher 1978 andJttly 1979, tile engine test program was interrupted by
major component failures.

• Parts of the first t]ight orbiter were shipped to the assembly facility without

completing manufacturing and the assemhled orbiter Was shipped to
Kennedy Space Center with substantial open work remaining.

• The inslallalion of thermal protection tiles at the launch site proved t_tr more

difficuh than anticipated and interferred [sic] with o/her required manufac-
turing and check-oltt work on the orbiter.

This snmmer, in preparing its 1%" 1981 hudget plan, NASA:

- Moved the expecled FM()F launch date to Septelnber 1980 (versus late 1979 in
the FY 1980 budget plan):

- Undertook a m_jor cost review of all work remaining; and

- Dcveh)ped tmusually careful estimates for program reserves keyed specifically It)
potential llrohlems. ' '
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[71 The funding increases requested m NASA's FY 1981 budget plan are displayed ill

Figure 1. Points worth noting:

- Shuttle budget costs have increased over the January 1980 budget by approxi-

mately $5'20 million (requiring an FY 1980 supplemental of $300 million) and by

about $730 million in EY 1981.
- The estimate of total cost at completion has increased by nearly $9.9 billion ( 1981

dollars) since the Janual T FY 1980 budget plan. This implies a total cost increase

for the Shuttle program of about 20% in constant 1971 dollars over tile estimate

made in 1971 ($5.15 billion, 1971 dollars) at the program's inception. Odler

large high technologT projecLs have experienced similar cost overruns.
- The NASA F'Y 1981 estimates will probably have to be increased by another

$50-100 million to reflect tile November 4 engine test Iailure. Further engine

problems, causing a delay in FMOF beyond Seplember 198(t, could entail furlher

1981 budget increases.
- NASA is presently conducting another baseline cost review to be completed in

late November, and Dr. Frosch's management changes will also yield new and bet-

tel cost estimates well into 1980. If new technical problems do not arise, we do not

not [sic] expect these reviews to alter the budgel request significantly, but we can-

nol. tie sure.

- None of these estimates include the budget cost of providing back-up capability

for national security missions to cover the contingency of shuttle t_tilurc.

CONTINGEN(_' PLANNING

Cunent Flight Assignments

At the present time, NASA has firm commitments from 15 different users who plan to fly

6(1 payloads during the first 3 years of STS Operations. NASA has manifested these pay-

loads on 38 flights with the first flight scheduled for September 1981.

Fxccpt national security and NASA-critical missions, payloads are generally accommodat-
ed on a tirst-come-lirsl-served basis, and given tlight assignments which assure compati-

bility of shared payloads.

Current NASA planning provides for launching DOD payloads on their requested launch

dates in accordance with their lop priority as provided by [Policy Directive]-37.

Back-Up Options, l)ecision Dates and Costs fin Commercial/Foreign Users

There arc 27 non-national security payloads currently manifested tbat are configured only

tot the Shutth'. Most of these are NASA missions, bul several commercial payloads in this

category would experience large costs from a schedule slippage because of their com-
mercial (onlnlitmelltS to provide services on fixed timetables.
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[8]

FE_tlre 1

Space Shuttle Investnmnt Funding

(Budget Authority, $ in Millions)

11/12/79

NASA

Prior FY 1(.)81

Funding

Projected Total Funding
ill Constant FY 1981 Dollars

To Complete At Completion

Shuttle DDT&E and

Orbiter Production

ConstrucIion of

Facilities

Operations

Capabilily

l)eveloplnent

7,577 1,733 4,434 13,744 1.

390 10 45 445

131 _ 675

NASA Total
8,159 1,874 4,831 14,864

DOt)

Prior F'Y 1981

Re{_

Projected _fi}tal Funding
in Constant I;Y 1981 Dollars

To Complete At Completion

R&D and

t}rocurement 903 336 638 1,887

Military

Constructi{}n _ 105 50 34__77

DOD Total 1,095 : 441 698 2,234

!
History of recent changes for NASA Shuttle Deveh}pmem and Pr{}ducfion belore
November 1978 engine problems:

FY 1980.]anuary Budget Projection (FY 1980 $)
Runout of FY 1980 Budget ,Mnendment

Intlalion Adjustment of Projecti{}ns to FY 1981 $

Revised Estimates in FY 1981 Request

Estimate at {2)mpleti{m, I'_' 1981 Budget Re{lueSt
(September)

1W 1980 congressional appropriations action incomplele.

Estimate at (2}repletion
($ M BA)

10,856

+811

+156

13,744
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Exceptfortheaboveand3payloadsfi)rwhichboostercompatibilityisundeterminedand
twouserswhoalreadyhavespecialboostercommitments,allremainingnon-national
securiW users would be compatible with either standard or uprated versions of the Delta

vehicle. The uprating for the Delta has not yet been initiated, but NASA has proposed to

share the $6-8 million cost of the upgrade with the six commercial users in this categot T.

Generally, commercial users pay tire full cost of protecting back-up launch options fi)r

their payloads. Federal participation in the Delta uprating is being considered as it would

be necessary for some NASA payloads. Once developed, colnmercial users would pay tot

the cost of the uprated hardware they use.

Users of standard versions of the Delta each torego $17-24 million in potential savings if

they have to launch on a Delta instead of Shuttle. These users must choose and commit
to booster or Shuttle at one month after FMOF or nine montlas before their needed Delta

launch, wbichever comes earlier Three users have already commited [sic] to Delta

because of earlier Shuttle schedule slippage, and the recent Shuttle engine problem will

likely cause three more to comntit to Delta.

19] Except for the firm commitment to Delta uprating, which nlust bc made in December
1979, there arc currently no other pending Federal fimding decisions associated with

comnlercial/forcign back-up boosters.

None of the key national security missions would use the Delta vehicle.

The European Space Ageucy (ESA) is currently developing a booster called Ariane which,

if its litst flight now scheduled for December 1979 is successful, would be a potential back-

up for Deha class payloads that require uprating and tbr the heavier Atlas-Centaur class

payloads. Some U.S. commercial users are negotiating with the French for use of Ariane.

ttowever, NASA believes it is unlikely that payloads compatible with an upgraded Delia

would shift Io Ariane if a commilmt_nt to upgra<ling is made in December because Ihe

Delta is a proven launch vehicle.

Back-Up Options, Decision Dates, and Costs for National Security Launches

See Tab B for a classified discussion of planned flights and ol)tions.

[ 10] STATUS OF SHUTTI,E MANAGEMENT ACTIONS

The lUallagclllCIll changes l),ot)oscd earlier by l)t: Frosch are now underway. Status of lilt

m_tjor actions is summarized below:

Proposed Action

F.stablish a lleW alld responsive service

org, mizalion tot Shuttle Openttitms headed

by an :kssociate Administrator.

Current Status

Search for a qualified candidate is underway

but xdll probably take another 2-3 months.

A request tbr 52 additional positions to sup-

port the reorganization is currently being

reviewed by OMB.
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Proposed Action.

Develop a revised financial operating haseline

as part of the FY 1981 budget process.

Prm4de additional financial, schedule, and

program analytical manpower at each level

of program structure.

Current Status

NASA is continuing to gather new

subcontractor data through the month o[

November. This review is not expected to

change overall requests as now identified.

Gradual change underway as appropriate

new people are selected; total change _dll

probably take 2-3 months. OMB is review-

ing a NASA request fi)r 89 additional posi-
tions in FY 1980 and 1981 ....

Document 11-28

Document title: Robert A. Frosch, Administrator, NASA, Special Announcement,

"Examinadon of the Shuttle Program," August 18, 1980.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

With this announcement, NASA Administrator Robert Frosch indicated that NASAl t@ managers

had reached agreement that Space Shuttle devdopment was Jar enough along---and remaining ]rroh-

lems well enough understood--to set a date ]br an initial Space Shuttle launch.

[ 1 ] Special NASA
National

Announcement Aeronautics and

Space
Administration

Date: August 18, 1980

Suhject: Examination of tire Shuttle Program

During the past year we have carried out a very detailed examination of the Shuttle

Program using experts and specialists from outside of NASA as well as many of our own

people, and have conferred repeatedly with the prospective "users" of the Shuttle. This
examination has greatly improved our understanding of tire program and of the capahil-

ities of the NASA/contractor organization to solve those problems which remain ahead as

we prepare tot tire first flight.

Based on this broader understanding, Dr. Lovelace and I have arrived at a numher of con-
chlsions--conclusions which have the full concrnTence of the Shuttle management and

the Directors of the Centers with principal responsihility in the program.

1. The extraordinary attention which has been given to the Thermal Protection

System over the past 18 months has greatly enhanced our knowledge of the sys-

t_im's requirements and our confidence in its capahilities. This has allowed us to
define and schedule the remaining tile elli)rl and to plan the first tlight without

including tile Manned Maneuvering Unit and the Tile Repair Kit, ahhough their

development will he continued to allow them to he incorporated into the tlight if
later tests indicate thai it is desiral)le to do so.
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2. Tile tbrmal certification process of the Shuttle main engine is about 70% com-

plete. Despite recent problems, it is clear" that the basic design has been proven.

Our confidence in the engine is thus much greater than it was a year ago.

3. The Flight Certification Assessment is essentially complete. Overall, it has prmdded
a strong endorsement to the manner in which the program is being carried out.

[2] During the last week of Jtfly, Dr. Lovelace and I met with agency and contractor Shuttle

Program management and, based on these conclusions, reached four key decisions.

1. e have basehned the remaining TPS and other necessary work on the o'rbiter
_7 , . ,

and concluded that it can be completed in time for Columbia's rollout from the

Orbiter Processing Facility at KSC on or before November 23, 1980.

2. We have adopted a 15-week work schedule for activities necessary from [Orbiter
Processing Facility] rollout to launch.

3. We intend to lmmch by the end of March 1981, although we recognize that this
is a tight schedule.

4. ,Mthough we have not reassessed the requirements fbr the total tlight test pro-

gram, we expect that the planned 18-month [Orbital Flight Test] program will
lead to an initial operational capability in September 1982.

There is a time in a major national program to join together in a concerted drive for the

finish. This time has come. Not one of us believes that we have set an easy course. But not

one of us can identify any' single aspect of the Shuttle which, from what we know toda?,, is
"not achievable." Meeting these milestones will require exceptional dedication to the task

to tie done; exceptional.judgnmnt in refraining d-ore doing those things which are not

required to he done; and exceptional leadership to prmide tim opportunity for each of
us to c(mtribute his or her fldl share to that task.

Chris Kraft, Bill Lucas, Dick Smith,John Yardley, AI Lovelace and I pledge our best efforts

to this task. We urge you to join us in moving forward toward this worthy goal.

Robert A Frosch

Administrator

Document 11-29

Document tide: NASA, Lyndon B. Johnson Space Center, "Major Safety Concerns: Space
Shuttle Program," JSC 09990C, November 8, 1976, Preface and pp. 1-1-2-3, 5-1-A-6.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

(J_v and vehicle sq/ety was a constant concern throughout Space Shuttle dmmlopment. NASA's lead

cev_ter fin the Shuttle, .johnson Space Cent_ conducted periodic asse_sments of saJety issues. Sa/Pt_,
rish._ were divided into three categories: (1) those that could be ad&essed through remedial actima._;

(2) those that might be addressed, but at a high cost; and (3) those that woe inherent in the particu-
lar desigvt chosen for the Shuttle and could not be ameliorated without changing the de_zg,_. This doc-

ument _,iews the status of each of these mk categories as 0/" late 1976, mid-win, in Shuttle
development. Sections 3.0 and 4.0 do not appear here.
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Major Safety Concerns
Space Shuttle Program

National Aeronautics and Space Administration
I._Tql)ON B..JOHNSON SPACE CENTER
Hollstoll, Texas

November 8, 1976

PREFACE

This document provides risk management data for managenlent overview purposes
and fktcilitates a periodic independent assessment of the cumulative residual risks. The

document also provides technical information and status on open concerns, and rationale
for concern closures and accepted risks.

This document is updated quarterly to reflect changes in status of major safety con-

cerns and to add newly selected major safety concerns. This issue is a complete revision of
JSC 09990B, dated June 28, 1976 ....

Jerome B. Hammack

Chief; Safety Division

M.I,. Raines

Director

Sat_+t+v,Reliabili_; and Quali_, ek,_stmtnce ...

[1-1] 1.0 SUMMARY. This document provides a summary of the major Space Shuttle

Program saf_ety concerns selected by the Johnson Space Cel_ter [Jsc] in conjunction with

other NASA Centers and the integration contractor. The document provides program

management visibility of open safety concerns, closed safety concerns, and accepted risks

and will be updated on a quarterly basis. The nuinbev and status of safety concerns includ-
ed in the previous issue and this issue are as follows:

June 28, 1976 November 8, 1976

issue issue

Open Safety Concerns 21 24

Closed Safety (;oncerns 16 18

Accepted Risks 8 9

This issue contains six new open sat;ely concerns. The new safi:tv concerlls are ( 1) SRB

(Solid Rocket Booster) and SSME (Space Shttttle Main Engine) l|_ermal effects on eject-

e(t crewmen and the escape systems during ascent; (2) APU (Auxilial w Power Unit)
exhaust combustion damage to TPS (Thermal Protection Subsystem) for orbiter 101;

(3) inability to control the orbiter with two adjacent blown tires; (4) nomedundancy of

static hydraulic fluid seals; (5) the R/SB (Rudder/Speed Broke) actuation system has sev-
eral failure points which could cause loss of vehicle and crew; and (15) inability to accu-

rately calibrate the :tit data inputs in the supersonic/transonic regions fi>r }hst OFI"

(Orbital Flighl Test) may affect orbiter approach and landing capability. A safi'ty concern

on the nonredundancy of SRB static seals is being prepared. Three previously open safe-

ty concerns, (1) fire detection and suppression provisions in the orbiter aft fuselage;
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(2) shuttle potential collision with the tower on lift-off, and (3) SCA (Shuttle Carrier

Aircraft) empennage/aft fuselage buffet with orbiter tailcone off, have been closed. The
first concern was closed as an accepted risk; the other two were closed as "hazard con-

trolled." Rationale fi)r closures are contained in the section 4.0 and 5.0 summal T writeups.

Action is being taken to resolve the 24 open safety concerns. The Johnson Space

Center Safety Division is participating in the resolution of these concerns and will track

them to satisfacto_ resolution. Safe_, assessments of the 18 closed safety concerns have

been performed, resuhing in the Johnson Space (:enter Safety Division's concurrence in

closing the concerns. Rationale for the nine accepted risks has been assessed and is con-

sidered satist_tctoly.
Safety assessments of the aggregate risk are iterative and cuhninate in the release of a

safety assessment document for each approach and landing test and orbital flight test ntis-

sion.' The capability to assess risks in aggregate at any particular time in a program is

dependent upon program maturity. At this phase of the orbital flight test program, the

design, operational analysis, and planning is not complete. Alter the critical design review,

when the design is approved and operational data have been developed, a complete

assessment will be accomplished, and open concerns identified. The Approach and

Landing Test Project has completed the critical design review and is scheduled lot the

design certification review in December of 1976. The initial release of the safety assess-
ment document for the approach and landing test project will be updated to support this

review. The Johnson Space Center Safe_' Division considers the shuttle program aggrc-

gate risk fin" Orbital Flight Test and Approach and Landing Test acceptable considc,ing
the accepted risks and the action being taken [or resolution of the open concerns.

[2-1 ] 2.0 INTRODUCTION

2.1 {;ENEI,LM_

2.1.1 Safety Concern Definition. A safety concern is a potentially hazardous condition

associated with a design or operation that has the potential of injury to personnel and/or

damage to hardware. Each safety concern will require resolution by elimination, control,

or acceptance of the risk. Safety concerns are identified at the shuttle element and system
levels as a resuh of safety analyses, hazard analyses, special studies, failure mode and

eflects analyses, trade studies, etc.

2.1.2 Element I,evel Safety Concerns. Concerns identified at the element level are evalu-

ated bv the element contr_lctors and NASA element project offices to determine design or

proce_lural changes required or if changes are not teasible, to dewqop rationale for accep-
tance o[ the identified risks. These concerns are also provided to the Space Shuttle

Program O[tice and the integration contractor, Rockwell/Space Division, for evaluation

of system itnpact.

2.1.3 System l.evcl Safety Concerns. System level safety concerns are identified through

performance of system level safety analyses and evaluation of element analyses and assess-
ments. The.]SC safety Division, in cot_junction with the NASA project offices and the inte-

gration <'ontractcm p_'ovide[s] recommendations to the Space Shuttle Program Office on

<lesign or procedural changes reqnircd or if changes are not feasible, the rationale tin

accepting the identified risks.

2. 1.4 Selection Criteria for Major Safety Concerns. The ]S(; Sati'ty l)ivision, in conjunction

with the NASA project o[tices and the integration contractor, recommends candidate sati'-
IX' concerns liar this document. The candidate safely concerns are presented to the
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SR&QA [Satiety, Reliability, and QualiB' :kssurance] Major Safety Concerns Screening
Board, chaired by tile ,]SC SR&QA Director, and is composed of Safety representatives

from JSC, MSFC [Marshall Space Flight Center], Headquarters, and Rockwell/Space
Division. This board selects the safety concerns to be contained in this document. A con-

cern will be inchtded ill the documel'lt if any board member considers it appropriate. The

concerns in this document, which represent only a small number of the concerns identi-

fied and being processed by the system and element contractors, were selected after con-

sidering factors such as:

a. Whether or not sufficient analysis and/or testing has been completed to deter-

mine the magnitude and probable occurrence of the potential risk.
b. ('an the hazard be eliminated or the control verified?

c. Will the hazard probably not be eliminated or controlled because of other pro-

grannnatic considerations?
d. Will the hazard resohition decision timing resuh in program impact?

2.1.5 :%ssessnient of Aggregate Risk. In addition to the activity of identi_<ing and resolving
safety concerns, there is an ongoing safety assessment activity which considers the aggre-

gate'risk associated with each mission. This mission assessment will cuhninate in the doc-
umentation of the resuhs of safety analyses approximately a year before both the

Approach and Landing Test and the Orbital Flight Test missions and will be revised to sup-

port the DCR (Design Certification Review) and the Flight Readiness Review. The th-st
issue of the AI,T assessment is contained in JS(; 1(1888, AI5 (Approach and Landing Test

Project Safety Assessment), dated June 7, 1976.

Appendix A contains snmma_' discussions of space shuttle design features that rep-
resent inherent risks and that were considered to be jnstified on the basis of past space

program maturity and established technology,. These features are considered acceptable

risks by program management and constitttte a baseline risk posture.

[2-2] 2.2 PURP()SE. This document provides risk management data for management

overview Imrposes and facilitates a periodic independent assessment of the cumulative
residual risks. The document also provides technical intormation and status on open con-

cerns, and rationale for concern closures and accepted risks.

2.3 SCOPE. This document contains smnmaries of selected safety concerns, al_lecting the

space shtlll]t:' svslenl, space shuttle elements, shuttle carrier aircraft, and approach and
landing test. Satk:tv concerns associated with both ground operations and flight operations
are included. Concerns associated with payloads, ground support equipment, maior

ground tests, and (;overnment furnished equipment will be added in future issues of the
document as identified. This document is published and presented to the program man-

ager quarterly Individual data packages fin each concern are maintained current in the
form of chrom_logical records of actions taken and supporting documentation. The data

in this issue are <:tlrr¢'nt, as of October 22, 1976.

2.40R(;ANIZATION. Section 3.t) provides sunnnaries of open safety concerns. These

summaries will remain in this section until the concern is closed or the risk is accepted by

program management.
A safety concern will be closed in one of two ways:
a. The hazard is eliminated.

h. The hazard is c<mtr_flled.

A concern is closed if the hazard is eliminated hy design and the design has been

al)pr<>ved by t>rogram inanagemcnl and doctnncnted. A concern is also closed if the haz-
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ardhasbeenreducedto an"acceptablelevel,"(controlledhazard)andthedesignhas
beenapprovedbywogram management and documented. The criteria fin "acceptable
level" are that tile hazard is not catastrophic (time or means are available fi)r corrective

action) and the hazard is not critical (emergency action in a timely manner is not
required).

A concern is identified as an accepted risk if the decision, supported hy technical
rationale, has been made and documented by program management.

Concerns are lnnnbered sequentially and are categorized as shown t)elow:

Concern Designators

Designator Cat_

INTG--

O-

ET-

SSME-

SRB-

ALT-

P/I,-
(;SE-

M(;T-

(;FE-

Shuttle level concern

Orbiter concern

External tank concern

Space shuttle main engine concern
Solid rocket booster concern

Approach and landing test concern
Payload concern

(;round support equipment concern
Major ground test concern

Government-flnnished equipment concern

[2-3] Section 4.0 contains stnnmaries of safety concerns closed subsequent to tile previous

issue of this document. Titles of selected safety concerns that have been closed bv theJSC

Safeg' 1)ivision based on hazard elimination or control and have been reported as closed
in a previous issue of this document are contained in this section.

Section 5.0 contains summaries of accepted risks and ratitmale for acceptance of the
identilied risks.

Appendix A contains summaries of the space shuttle design features ....

TheJSC Safety Division, mail code NS, is responsible for the preparation and main-

tenance of this document. The name and H'S (Federal telectmnnunications system)

phone ntnnl)er for the organization with prime responsil)ililv fin- working each concern is

provided after each concern titre in sections %0, 4.0, and 5.0'. The lisled orga,fization may
be contacted for additional infornlation ....

[5-1] 5.0 ACCEPTED RISKS. This section contains summaries of safety concerns an(t ratio-

nale for acceptance of the identified program risks. These accepled risks have resuhed

from program decisions made relative to space shuttle system concept tra(teofls, and dmail

design selections. These stnnmaries will remain as a pemlanent part of Ihe (hwunwnt.

A listing of the accepted risks recorded in this secti(m are as tbllows. The organization
with 1)rime responsit)ilily for the concern is also i(le,ltilie(I.

INTG- I SSME (Space Shuule Main Engine) Heat Exchanger Leakage (JSC Safety
Division/525-3126)

INTG-4 On-Orbit Rescue l)nring Early Ort)ital Flights (]SC Satety Divisi(m/525 3126)

INT(;-7 Mmmal (;uidance Capability During Ascent (.IS(; Satety Division/525-3126)

INT(;-9 Emergency Drain System Provisions for E'F (External Tank) (.]SC Safl, ty
Division / 525-3126)

INT(;-14 Fire Detection and Suppression Provisions in the Orbiter Aft Fuselage on
the I,aunch Pad (Rockwell/Space Division/985-1416)
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0-2

0-3

(J-7

0-9

Smoke Sensor Provisions in the Orbiter Crew Cabin fi)r Orhiter 101 (]SC

Safety Division/525-3126)

Lack' of Redundant Elev(m t lydraulic Actuators (]SC Safety Division/

5253126)

Bird Impact with tile Orbiter Windshield (JSC Safe W Division/525-3126)
Thermal Windshield Panes (]SC Safety I)ivision/525-3126)

Accepted risk safety concerns added and revised in this revision are discussed below.
INTG-14 Fire Detection and Suppression Provisions in the Orbiter Aft Fuselage on

the Launch Pad, was closed as an accepted risk and transtk_rred fiom section 3.0, Open

Safely Concerns, to this section.

[5-2] AC(]EPTED RISK
SAFETY CON(;I",RN

IDENTIFICATION NO. INTG-I DATE December 10, 1975
REVISED October 22, 1976

TITLE

SSME (Space Shuttle Main Engine) Heat Exchanger Leakage

SAFETY CONCERN

A leaking heat exchanger coil could result in the flow of hydrogen through the LO,2

(liqtfid oxygen) tank pressurization line to the pogo suppressor and the ET (external

tank) LO,, tank. Ignition of the resulting oxygen/hydrogen mixture could result in explo-
sion and loss of the crew/vehicle.

DISCUSSION

Heat exchanger coil failure was identified in the SSME FMECA (failure modes,

effects, and criticality analysis), RSS-8553-2, as a criticality category I failure which could

resuh in explosion of the ET and loss of the crew and vehicle. Addition of the pogo sup-

pressor aggravated tile potential problem by lowering the heat exchanger outlet pressure.
MSFC reeominended a modification to the LO,2 pressurant system, PCIN (program

change identification number) S00927, which manifi)lded the heat exchanger outlets as

a means of eliminating the effect on the ET. The change was disapproved by level II PRCB

(Program Requirements Control Board). Rockwell/Space Division has performed a sys-
tem level hazard analvsis, MCR (master change record) 922, which concluded the base-

line heat exchanger design is adequate and that the risk of failure is acceptably low. Heat

exchanger leak checks will be performed periodically during the development phase.

.]SC Safety Division evaluated the addition of shutoff valves to the heal exchanger inlet

and outlet to permit isolation of a ]ailed heat exchanger and recommended their incor-

poration to the PRCB on September 5, 1975. The PRCB did not concur with the recom-
mendation.

Following the disapproval of PCIN S00927, the PRCB assigned actions toJS(;/I,-X2 to

(1) assess the Rocketdvne report resulting from the SSME Margin Review of lhe heal

exchanger design; and'(2) assess the Rocketdyne heat exchanger test program. JS(;/NA

was assigned an action to develop, in conjnnetion with MSFC, an SSME heal exchanger
Product Assurance Contr<)l Plan.

In October 1975 MSF(; issued a special task assignment to Rocketdyne tot the per-

formance of a design ewduation of a single tube heat exchanger coil. This action was

apparently in response to the concern expressed l)y JSC/EA about the use of tile bifur-

cated tttbe heat exchanger coil design.
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JSC/EP presented, at the April 30, 1976, PRCB, an assessment of the Rocketdvne sin-

gle tube heat exchanger coil study which indicated that although the design appears to be

technically feasible, its incorporation would be too late to be an in-line block change. The
design was recommended as a backup concept ill case of technical problems with tire base-
lille design.

[5-2a] STATUS/DISPOSITION

Accepted risk. Following the presentations on the outstanding SSME heat exchanger

issues on April 30, 1976, the decision of the PRCB was to retain the existing baseline
(bifurcated tube) heat exchanger coil design.

The rationale tot acceptance includes the iollowing:

a. Analysis shows that the heat exchanger coil design is adequate fi)r 24 service lives.

b. Testing of 12 traits is planned to sulrstantiate design strength and service lite capability.
c. A heat exchanger product assurance control plan has been prepared to ensure

thai the necessa D, steps are taken during the design, development, mantttacture and test-

ing of the heat exchanger. An individual "Pedigree Report" will be provided with each
heat exchanger.

d. lh'at exchanger leak tests will be performed on a decreasing frequency until a fre-
quency of once ever y 12 flights is achieved.

The following continuing actions are noted for information.

MSFC/Main Engine Project Office was assigned an action to investigate the feasibili-

ty of flowing LNe (liquid nitrogen) through the heat exchanger in place of LO2 during

main propulsion test. Cost and schedule impacts will be reported to the shuttle program
lnanagel-.

On October 6, 1976, the SR&QA director delegated NI)/J. A. Jones the responsibili-
ty tot seeing that a viable plan is prepared and implemented which will assure added
emphasis is t)laced on this critical ilem.

[5-3 ] ACCEPTED RISK
SAFETY CONCERN

IDENTIFI(L_TION NO. INTG-4

TITLE

On-Orbit Rescue During Early Orbital Flights

DATE December 19, 1975

REVISED June 28, 1976

SAFETY CONCERN

In June 1973, Rockwell/Space Division, through MCR (master change record) 210,

identified rescue capabilities and deficiencies. The first vertical tlight vehicle (Orbiter

1{}2) will tly all six of the orhital flight test missions and the cart)' operational missions

before a rescue orbiter will be on-dock at KS(]. Thus, the level I requirement (attachment

A toJSC 07700, Vohmle 1, Space Shuttle Program Requirements Document) for rescue

cannot be met, and any failure precluding orbiter return from orbit will resuh in loss of

crew. In August 1973, JSC Safely Division identified various shuttle conditions which

would require rescue. In Now_mher 1973, Rockwell/Space Division presented a summaiy
of tile issues to date and the firs! proposal to fly a command module as a rescue vehicle.

In March 1974, I_S(: sumnaarized the impacts ()f the t011owing options available to meet
the rescne requirement.
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a. Retain the capability, for a CSM (command and service module) launch.

b. Install a CSM in the orbiter payload bay.

c. Delay the Orbiter 102 launch until a rescue orbiter is ready.

d. Compress tile schedule to bring a rescue orbiter" on-dock simultaneously with
Orbiter 102.

The Space Shuttle Program Office subsequently pertormed a study to evaluate the

pros and cons of the various rescue options.

STATUS/DISPOSITION

Accepted risk. The JSC Space Shuttle Program Office presented the various rescue

options in a briefing to NASA Headquarters in May 1974. A recommendation was accept-

ed that rescue capabilig, not be provided for the early orbital flights. The recommenda-

tion was based on the rationale that the prol)ability of a failure that would preclude a sati-

return from orbit is sufficiently low to allow the risk to be accepted.

[5-4] ACCEPTED RISK
SAFETY CONCERN

IDENTIFICATION NO. INTG-7

TITLE

Manual (;uidance Capability During Ascent

DATE December 10, 1975

RE_qSED October 22, 1976

SAFETY CONCERN

Lack of manttal guidance capability during ascent could resnh in loss of vehicle and

crew ira the event of a malflmction of the primaw automatic guidance control system.

DISCUSSION

A reqttirement to provide digital processed manual control inputs to the computers

for all flight pltases was contained in paragraph 3.3.1.2.3.3.2 of JSC 07700, Vohtme X; how-
eve(; the paragraph lacked detinitive requirements.

In the absence of definitive requirements for manual gnidance control during ascent,

a I_eve111 change reques! (SO1575, dated April 1975) was initiated to delete manual guid-

ance control during that mission phase. This was intended to simplify the software and dis-

play requirements, but was withdrawn prior to PRCB (Program Requirements Control

Board) disposition.

The Level II change request was amended to delete manual guidance only during the

nominal ascent mode. The Safety Division re_fiewed and approved this change based on

the limited usefltlness of this particular ability. This change request was subsequently

approved by the PRCB on August 21, 1975. As a result, the crew had only the capability to

manually throttle the SSME's (space shuttle main engines) during mated ascent. Manual

guidance was provided during abort situations.

In Februaty 1976, the CCB (Configuration Control Board) established that the soft-

ware will be designed to a single fauh tolerant baseline for the prima W system during the

ascent phase. Manual guidance and throttling capabilities were deleted as a resuh of tiffs
decision.

STATUS/DISPOSITION

Accepted risk. The deletion of manual guidance and throttling was reevahtated in

May 1976 by the OFF (orbital tlight test) Baseline Review Board. Reinstatement was dis-

cussed at that time, but t]nal disposition was deferred, pending the rest(Its of filrther
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studies by tile Spacecraft Software Division and the Avionics System Engineering Division.

On June 15, 1976, the PRCB reversed the CCB decision and gave specific direction to

retain manual throttling during ascent and manual guidance and throttling during aborts

as Level II requirements. TheJSC Safety Division concurred in the decision to retain these

contingency capabilities. Manual guidance will he provided only during abort situations.

The software will not be mechanized to return to automatic guidance following manual

guidance selection. The imposed requirements are acceptable to define manual control

capability during ascent.

[5-5] ACCEPTED RISK
SAFETY CONCERN

IDENTIFI(2_,TION NO. INTG-9 DATE December 10, 1975

REVISED October 22, 1976

TITI,E

Emergency Drain System Provisions for ET (External Tank)

SAI;ETY CON(;ERN

There is no provision for draining the LO,_, (liquid oxygen) and LH,, (liquid hydro-

gen) fiom the ET except through the orbiter feedlines and the propellant lines in the aft

fuselage. The concern is that detanking during an einergency must be accomplished

through a svstem which may lit + involved in the emergency.

DISCUSSION

This concern was identified in tile Space Shuttle External Tank Preliminary ttazards

Analysis Report, MMC-ET-RA01-0, Hazard No. 2.003A, dated August 30, 1974.

The baseline orbiter/ET configuraiton [sic] requires that propellant transfer opera-

tions (fill and drain) be accomplished through the orbiter ieedlines. A significant leak in

either the ET or orbiter plumbing would require detanking through the leaking compo-

nent, thereby increasing the potential for fire/explosion. In the event of a fire, it would

tit" necessm y to drain propellants through lines which pass through the fire affected area.

The propellant drain rates ave known to tie slower than the fill rates. The time

required to drain the tanks throttgh the orbiler during an emergency backout operation

may be excessive.

The baseline design of the ET propellant till and drain system was accepted at the

Orbiter 102 PDR (preliminary design review) in January 1975. The issue was discussed at

tile ET critical design review held November 10 through 14, 1975. The shuttle system con-

tractor submined a RID (review item dispostion [sic]) which recommended that the haz-

ard be submitted fi)r closure as an acceptable residual hazard. The RID (P-27) was

disapproved with the recommendation that the issue be submitted to the System Safety

Subpanel fi)r disposition. The concern was discussed at the subpanel meeting on ]anuary
29, 1976. A decision was made to reflect this concern as an accepted risk, b_csed on the

l)ecembet- 1975 discussion hetween the Space Shuttle Program Manager and the .]SC

Satk_ty lIivision Chief.

STATUS/DISPOSITION

Accepted risk. The Space Shuttle Program Manager made a decision at the 1)ecembcr

1975 review o[JSC 09990 to rcflcct this concern as an accepted risk. The JS(; Safety

Division reviewed the tollowing rationale [or acceptance of the risk and considers the

rationale satisl_wtow:
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a. Relocating fill/drain system to ET would require the same mnnber of operating
components so that the reliability would not be improved by relocation.

[5-5a] b. Relocating fill/drain system to ET woufd move the control valves, etc., approxi-

mately 20 feet on the vehicle. Any major incident within the orbiter that might require
offloading the ET would be transJnitted this 20 feet in less time (approximately 10 min-

utes) than the ET could he drained--regardless of tire location of the fill/drain system
(orbiter or ET).

c. Relocating fill/drain vah'es and componenls to ET would cause lhese parts to be
thrown away with tile ET.

Analyses of ET, orbiter main propulsion system, and space shuttle main engine haz-

ards which potentially affect this concern are continuing hy MSFC, .IS(i, and

Rockwell/Space Division as part of the on-going hazard analysis activity. Component tests,

single engine tests[, and] main propulsion system tests wili also he analyzed to provide

confidence in this system. KS(] emergency procedures wil be reviewed when they become
available.

[5-6] ACCEPTED RISK

SAFETY CONCERN

IDENTIFI(_TION NO. INTG-14 DATE March 8, f976

REVISED October 22, 1976
TITLE

Fire Detection and Suppre_ion Provisions in the Orbiter Aft Fuselage on the launch Pad

S_M:ETY CON(]ERN

No fire detection or suppression is provided in lhe aft fuselage. Leakage of flamma-

ble fluids and�or oxidizers in excess of speciticafion allowable leakage may create a

fire/explosion potential in the orbiter all thselage on the launch pad. The primary con-
¢:ern is during main engine operation when an I,O,, (liquid oxygen) system failure may
resuh in an uncontrolled I,O, supported fire. •

DISCUSSION

The baseline orbiter design does not contain any provision for fire detection/sup-

pression within the aft fllselage. In the event of a major I,()_ fed fire in tire main engine

compartment, the existing fixed facility fire detection/suppression capahilily may not pro-
vide adequate response to prevent flight vehicle loss and damage to the mobile launch

plaflorm/launch pad. A (,Ne (gaseous nitrogen) purge is provided ill the aft filselage to

produce an iner¢ atmosphere and prevent the accumulation of hazardous gases due to

leakage within specification. It would not provide protection fl-om the results of large pro-

pellant leaks of tire lype that cotdd result from a major mechanical failure of an engine.

A hazardous gas detection syslem samples tire compartmenl almosphere dtrring
prelaunch to detect tire presence of N,,tI,, (hydrazine), MMH (monomethylhydrazine),

N,,O_ (nitrogen tetroxide), H,_, (hydrogen), [and] O_ (oxygen). Detection of out-of limit
conditions indicating more than aflowable leakage could resuh in a launch scrnh and
detanking of propellants.

PCIN (Program Change Identification Number) S0f58f proposed the addition of a

level II requirement tk), KS(] ground support of tire delection and water deluge systems

tbr the orbiter aft fuselage. MCR (Master Change Record) 1994 was issued to provide
design concepts and impacts for the addition of fire detection and deluge systems. The

study recommended against incorporation of any of the systems evaluated, concluding

that reliable detection and response between SSME (Space Shuttle Main Engine) ignition
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(=__T-3.5 seconds) and launch commit was doubtful and that none of the deluge concepLs
added further assurance of safety fi)r the facility, vehicle, or crew. In an ettort to augment

launch pad fire suppression capability, the PRCB (Program Requirements Control Board)
directed continued investigation of a manually actuated, fuselage penetrating, water del-

uge system. KSC objected to the use of such a system without additional fire detection

capability in tile aft fuselage. The effort was terminated due to cost and weight impacts.

JS(" Safety l)ivision recommended further consideration of a fire suppression method

using Halon 1301 and was directed to pertorm a feasibility study. The resuhing PCIN

S01581A proposed substitution of Halon 1301 fi)r the aft fuselage GN,_ purge late in the

countdown to produce a 40 percent (vohunetric) concentration of Halon 1301 at liftoff.
The Halon 1301/nitrogen mixture was shown to provide approximately 4.5 times the

inerting capability of nitrogen alone fbr propellant leakage within specification. Negative
factors includedcost, weight, excessive delta pressure, and potential environmental

impact. The PRCB disapproved PCIN S01581A.
[5-6a] TheJSC Safety Division position is that the availability of a water deluge system dur-

ing and subsequent to propellant loading would provide an additional launch pad safety

margin. The Hahm 1301, carried in the aft tuselage during the initial ascent phase[,]

would also provide protection against small fires which could lead to larger fires.

STATUS/DISPOSITION

Accepted risk. The Space Shuttle Program Manager accepted this risk at the August

20, 1976, PRCB when a decision was made not to provide a fire detection or suppression

capability in the orbiter aft fllselage.
The rationale for his accepting this risk included the following: The GN,2 purge will

prevent accumulation of hazardous gases within specification. The hazardous gas detec-

tion system will provide detection of out-of-limit hazardous conditions in the aft fuselage,

permitting termination of the countdown and detanking of propellants. In the event of a
fire, the facility water deluge system will provide some fire suppression capability. The use

of Halon 1301 does not appear to offer a sufficient improvement over the present GN,, sys-

tem to warrant the attendant orbiter and facility design changes and the additional costs.

The addition of an aft filselage water deluge sytem [sic] was disapproved for these same

reasons.

[5-7] ACCEPTED RISK
SAFETY CONCERN

IDENTIFICATION NO. 0_z2-'
DATE December 10, 1975

REVISED October 22, 1976

TITLE_
Smoke Sensor Provisions in the Orbiter Crew Cabin for Orbiter 101

SAFETY CONCERN
The baseline orbiter 101 design consisted of a single smoke sensor installed on the

orbiter flight deck, and a single sensor installed in the environmental control life support

system equipment bay located beneath Ihe middeck tloor of orbiter 101. A single sensor
f_tilure could allow significant damage to occur in either area before a fire is detected.

DISCUSSION
Orbiter 101 Delta PDR (preliminary design review) RID (review item disposition) No.

05.04.27 (R-l), "Smoke Detector Redundancy," identified lack of redundancy for smoke
detection for orbiter 101. It is the position of the JSC Safety Division that sensors that

detect emergency conditions such as fire should be redundant. The single sensors are not
redundant because they do not sample the same volume of air simultaneously.
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STATUS/DISPOSITION

Accepted risk. The Orbiter Project Otfice accepted the risk for orbiter 101 and the

JSC Safety Division concurred based on the following rationale:

a. The short length of approach and lauding test flights.

b. Emergency breathing apparatus available to the flight crew.
c. The lesser amount of cabin avionics on orbiter 101.

d. The major wiring and cost impact of relocation of detectors.

This decision was made at the August 28, 1975, techincal [sic] status review.

[5-s]

IDENTIFIC_&TION NO. 0-3

TITLE

ACCEPTED RISK

SAFETY CONCERN

DATE December 10, 1975

REVISED October 22, 1976

Lack of Redundant Elevon Hydraulic Actuators

SAFETY CONCERN

Normal operation of the lout orbiter elevons is required tor flight control. Each

elevon is powered by a single linear hydraulic actuator, the failure of which would result

in the loss of the orbiter and onboard personnel.

DISCUSSION

The original orbite.r baseline design employed dual tandem elevon actuators. This

concept provided flight control redundancy, consistent with normal commercial and mil-

itat T aircraft designs. Weight reduction requirements led to a JSC decision in 1973 to

develop and use a single actuator having a nmuber of single faihn-e modes that could
cause loss of an orbiter. The resuhant actuator, while based on existing electro-hydraulic

actuator designs, is a unique design with no previous operational experience. AJanuaD'

8, 1974, proposal to further reduce weight by changing to an electromechanical actuator

system was rejected by the Orbiter Configuration Control Board.
The JSCSafety Division investigated civil and military requirements for control sur-

lace operational redundancy. It was found that single actuators are often allowable, but
not in criticality I applications. Research of 289 military aircraft accident/incident reports

for the period 1965 through 1971 related to hydraulic actuators revealed that 51.6 percent
of all actuator t_filures were structvral failures. This incremses to 77.1 percent if seal t:ail-

ures, which are considered as structural t:ailures during Rockwell/Space Di_Ssion failure

mode and effects analyses are included. (It should be noted that most structural failures

resuhed trom metal [atigue.)
The Safety Division also reviewed the structural stress analysis approach being used in

orbiter actuator design with no specific weaknesses noted. Several F-4 aircrafl, however,

which were analyzed and tested prior to flight were lost due tO structural failure of a sin-

gle hydraulic system component.
The conclusion and recommendation of the Satiety Division was that the dual tandem

actuator concept should be retained. This position was rejected by the project manager

and the single actuator concept was implemented. ,Mter this decision, SR&QA recom-

mended that special controls and actions be imposed through a product control plan to

provide better assurance that the actuators will perform properly.
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[5-8a] STATUS/DISPOSITION

Accepted risk. The technical direction to baseline the single elevon actuators was con-
mined iuJS(: h'tter BC42-73/87. TheJSC Director concurred with this decision. The ratio-

nale for acceptance of the single elevon actuators are:

a. Establishing adequate design margins

b. Inclusion of the actuators in the orbiter structure fracture control plan

c. huplementation of a special product control plan for the actuators
d. Extensive qualification testing

e. I,ow incidence of failure histo_ _for similar designs
f. Minimal life cycle requirements

g. Proven supplier

h. Redundant external dynamic seals.

The.IS(: Safety Division concurs with the closure of this concern as an accepted risk.

Due to problems noted during developmental, certitication, and vehicle testing, the actu-

ator design, production controls, and test programs are heing reevaluated by
Rockwell/Space Division, E&D, and SR&QA to provide the highest possible confidence in
the single actuator design.

The NASA chief engineer is also conducting an independent assessment of the ade-

quacy of the present design. Results of these activities and implementation of any correc-
tive actions deemed necessal T are expected to be complete byJanual 7 1, 1977.

[54)1 ACCEPTED RISK

SAFETY CONCERN

IDENTIFI(LATION NO. 0-__77

TITL_____EE

Bird hnpact with the Orbiter Windshield

DATE December 10, 1975

SAFETY CONCERN

There is a possibility of a bird strike at low ahitudes resulting in the penetration of the
orbiter windshields.

DISCUSSION

The _4ndshield glass system specification does not contain a requirement for the

orbiter windshield to be designed for bird impact. Rockwell/Space Division completed an
analysis on August 24, 1973, which concluded that "the orbiter _4ndshield cotdd withstand

the impact of a tour pound bird at 230 knots." The analysis also showed that the proba-
bility of no catastrophic window failure because of bird impact was 0.0005 for the life of
the orbiter.

STATUS/DISPOSITION

Accepted risk. Based on the low probability of a bird impact and Ihe inherent capa-

bility of the orbiter window system to withstand bird impact, the Orhiter Project Office

directed Rockwell/Space Division in letter ES2, dated November 29,1973, to proceed with
the window design within the previously estahlished specification.
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[5-10]

IDENTIFICATION NO. 0-__9_9

ACCEPTED RISK

SAFETY CONCERN

DATE December 10, 1975

TITLE

Thermal Windsbield Panes

SAFETY CONCERN

During the enu), phase of the orbiter, a loss of tile thermal (exterior) window pane
could cause loss of crew and orbiter. The redundant (middle) parle does not have the total

heat capacity of the thermal (exterior) pane. Loss of the thermal (external) pane could
result in a loss of the redundant (middle) pane and subsequent loss of the pressure

(inner) pane and orbiter cahin atmospbere.

DISCUSSION
Rockwell/Space Division reported at the TSR (tecbnical status review) on November

8, 1974, that the 100 in2 bole requirement in the orbiter CEI (contract end item) was
unrealistic. Tests at Corning Glass in Canton, NewYork, showed that the panes would have

to crack in at least three directions to produce a hole. It was also shown that crack geom-

etry was such that crack segments would be held by window pane retainers and remain in

place. In this case, thermal integrity would not be completely lost. It was concluded that
under these conditions the redtmdant (middle) pane is capable of sustaining a crack fail-

ure of the thermal (exterior) pane and that the requirement of being able to withstand

the thermal load from a 100 in'+' hole in the thermal (exterior) pane is not needed.

STATUS/DISPOSITION

Accepted risk. Analysis performed by Rockwell/Space Division and presented at the
November 20, 1974, TSR showed that the redtmdant (middle) pane is capable of sustain-

ing a crack [:ailure of the thermal (exterior) pane without losing the thermal enu T capa-
bility. The Orbiter Level Ill Configuration Control Board on November 11, 1974,

approved Rockwell/Space Division's recommendation to "eliminate consideration of a

hole appearing in the thermal (exterior) pane at fracture during entD'." The cbange was

approved by specification change notice 01-0124 to the Orbiter CEI MJ070-0001-1A.

[A-1 ] APPENDIX A
SPACE SHUTTLE DESIGN FEATURES

This appendix contains sunnnat?' discussions of space shuttle design features that rep-
resent inherent risks and that are considered to be justified on the basis of past space pro-

gram maturity and established technolo_'. The discussions are as tollows:

1. Intact Abort

2. Unpowered Landing
3. Outward Opening Hatch

4. SRB (Solid Rocket Booster) Thrust Termination

5. Manned First Vertical Flight
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[A-2]

IDENTIFICATIONNO.1

TITI,E

Intact Abort

DESIGN FEATURE

DATE December 10, 197

REVISED March 8, 1976

DESIGN FEATURE

Return to launch site, abort once aronnd, and abort to orbit intact abort modes are
provide(I.

DISCUSSION

System, operational, and payload interface requirements have been established to

provide the necessary features for overall safe launch and landing capability with estab-

lished intact aborts. Critical flight vehicle subsystems (except primar), structure, thermal

protection system and pressure vessels) are required to be at least fail safe. The design
adequacy of the structure and thermal protection systems is enhanced by the use of ade-

quate design margins and testing. During the launch countdown sequence, tile main

engines are ignited approximately 3.5 seconds before launch commit. This pr(Mdes time

to asstue proper main engine operation and allows the engines to reach 90 percent thrust

level before launch commit. Pogo suppression devices have been designed for the space

shuttle main engines. Intact abort capability is based on the capability of the combined

vehicle to continue flight through separation of the SRB's (solid rocket boosters). The

SRM's (solid rocket motors) have been designed with tile same fail safe redundancy

required fin the rest of the vehicle. The failure histories of other large solid propellant
motors were reviewed in the design process. Where the specific failures were tbund to be

applicable to the shuttle SRM design, increased factors of safety were used. The SRM's will

be tested to verily' that their performance characteristics meet the required specifications.
The following landing operational capabilities during intact abort modes enhance

orbiter and crew satety. The orbiter has an automatic and manual landing system. The
aerodynamic cross-range capability to return the orbiter to the launch site alter one revo-

lution is provided. The orbiter is capable of landing with the full 65,000 lb. payload under

specified landing constraints. In the event of a launch abort, orbiter landing safely is
enhanced by dumping orbiter and payload propellants.

This ti_'ature provides tile capability for orbiter center-of-gravi_ adjustment, reducing

landing weight, and reducing the quantity of potentially hazardous fluids on board during

landing. The program requirements for payloads to have seltZcontained provisions against

payload generated hazards enhances safety during both the latmch and landing ph_uses.

During the orbital tlight test phase, crew ejection seats have been provided. The ejection
seats will provide an additional means of crew escape during launch and landing. The seats will

prt)xJde escape capabili_ at altitudes below 75,(X)0 feet and vehlcities t)eh)w Mach 2.7. The seats

will also prCMde ('[¢1_r ¢,s(,itt)¢_¢_1 the ground in the event of an emergent T after louclldown.

[A-3 ]

IDEN'FIFICATION NO. 2

TfIl,t______G_

Unpowered l,anding

DESIGN FEATURE

DATE December 10, 1975

DESIGN FEATURE

The energy' controlled landing design feature allows the orbiter to glide to a safe land-
ing at primary and contingency landing sites.
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DISCUSSION
The chert' controlled landing design feature requires the orbiter to be capable of

aerodynamic tlight which is controlled by elevons, redder, speed broke and body flaps.

Initial' attitude control during ent D' is provided by RCS (reaction control subsystem) jets

until dynamic pressure begins to build on lhc aerodynamic surfaces which then control
in combination with the RCS. The RCS is then deactivated and aerodynamic surfaces pro-

vide control to landing. At 70,000 feet altitude, the TAEM (terminal area ener_' manage-

ment) phase begins where the orbiter maneuvers to dissipate energy using the speed
brake until the final approach begins at 10,000 feet. During final approach, the glide

slope and ahitude are comrolled by modulation of the speed brake.
Ener_' controlled landing has ahvays been a baseline feature of the shuttle program.

ABE's (airbreathing engines) were also a requirement for design mission 2. ABE's were

not required for design missions 1 and 3 if maximum payloads were required. :M3E's were

to provide 15 minutes loiter time al 10,000 feet altitude to allow operational assessment of

conditions at completion of reentry. ABE's were deleted from the shuttle program in 1972

to simpli[_' orbiter design and more than double payload fi>r design mission 2. Design sim-

plicity results from structural considerations and no! having to space rate or isolate an air-

breathing propulsion system.
RCS, avionics and hydraulic power redundancy the large landing foot print, and sim-

ilar landing techniques veriiied by other aircrafl enhance the energT controlled landing
feattlre of Ill{: orbiter. The aft RCS inodules which provide orbiter attitttde control during

the entry phase of landing are redundant. Each module has multiple thrusters in each
control axis, and the RCS is connected to the [Orbital Maneuvering System] propellant

supply for supplemental propellant. The (;N&C (guidance, navigation and control) sys-
tem has both antolnatic and manual control capability. The (;N&C system has redundant

inertial measurement units (3), computers (4), and TACAN (tactical air navigation)

receivers (3). The 3-sigma GN&C error is well within the energy management and land-

ing foo! print capability. The possible Earth landing area is 1085 nautical miles crossrange
bv 5000 nautical miles downrange. Three independen[ auxiliaw power units, hydraulic

pumps and supply lines pro_fide aeroflight control pressure to the elevon, rudder, speed
brakes, and body tlap actuators. These aerodynamic control surfaces on the orbiter are

standard aircraft type control surfaces ttsed by all high performance commercial and mil-

itmw air(wall. The ener_' controlled landing is not a new concept as several experimental

aircraft have used this landing lechnique, with the X-15 and X-24B being two examples.

[A-41

IDFNTIFICATION NO. 3

TITLE

Outward Opening Hatch

DESIGN FEATURE

I)ATE 1)ecember l(l, 1975

REVISED March 8, 1976..

DISCUSSION
The 40-inch diameter hatch is located on tile left side of the orbiter at the middeck

level. The hatch can be opened either from the inside or the outside. Opening from the

inside is accomplished by unlocking the actuator and rotating an inplace handle. The

handle is protected from inadvertent operation during [light by an actuator lock.

Opening from the outside is accomplished by removing a thermal protection system plug

DESIGN FEATURE
The outward opening side hawh allows rapid egress of onboard personnel during

both prelauneh and postrollout phases of a mission.
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and inserting a GSE (ground support equipmem) tool lhat provides for unlocking and
unlatching. Hatch latching is achieved by 18 overcenler latches located around the cir-

cumf(wence of the hatch. The latches are interconnected by two rigid linkages, each of
which includes 9 of the 18 latches. The linkages are moved bva bell crank and achieve

latching/unlatching. The hatch actuation, latching, and lockil'lg mechanisms are similar

to the proven Apollo spacecraft design. The hatch includes dual pressure seals.

The outward opening design feature of the orbiter ingress/egress hatch was primari-

ly inlhrenced by' previous spacecraft experience that demonstrated the need for rapid

crew egress during ground contingencies. The orbiter will be exposed to many of the

same prelaunch hazards as on previous spacecraft. With tire orhiter passenger-carrying
capability more personnel will be inw)lved, making a rapid egress capability even more
important.

()pening of the hatch in-flighl is precluded by an actuator lock and fail sate latch

design. Any 9 of the 18 hatch latches are adequate to carry the deha-pressure load on orbit

and to provide sufficient pressure integrity to allow a sate orbiter return. During the

orbital tlight lest phase, proper latch position will be verified by performing two electrical

continuiu, tests (one for each linkage) from the outside by GSE. During the orbiter oper-

ational phase, proper latch position alter premission closeout will be verified visually from
lhe inside. The hatch dual pressure seals will be verified after premission closeout bv a
pressure integrity test.

[A-5 ]

II)ENTIFI(bkTION NO. _4

TITLF

SRB (Solid Rocket Booster) Thrusl "llwmination

DESIGN FEATURE

DESIGN FF_A-TU RE

DATE l)ecember 10, 1975

REVISED March 8, 1976

The SRB is designed to provide 120 seconds of thrust tor lhe shuttle wilhout thrust
termination capability.

DISCUSSION

This design f_'ature requires the SRB to provide thrust until propellant depletion. The
apl)r()ximately I, I i0,000 pounds of propellant per booster provides 12(1 seconds of thrust

at v;uTing thrust levels to maintain acceptable shuttle h)ads. Thrust termination capabili-
Iv is not required for nominal arrd intact abort missions and was onh' considered for con-

lingency abort situations, Thrust termination wortld have neulnilized SRB thrust l)v
initiating SRB thrust through the forward dome.

The requirenlent lbr SRB thrust termination was removed from the shuttle program
in April 1973. SRM's (solid rocket motors) are inherently reliable, and the SRB's have

been designed with increased design margins. The failure histories of other large solid
propelhmt motors were reviewed in the design process. Where lhe specific failures were

fi)tm(t to be applicable to the shuttle SRM design, increased thctors of safely were used.

The SRM's will be tested to verify that their lrerformance characteristics meet the reqtfired
sp('ciflcati()ns. Contingeilcy al)(_rls, where SRB thrusl ler)ninalion could be used, are not
re(lttired as slaled inJS(: 07700, Volume X, tmless

a. Thrust from two or more SSME's (space shuttle main engines) is losl.
b. _I_/C (thrust veclor control) l)om two or three SSME's is lost.
c. SRB "IWC on two or more axes is lost.
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[A-6]

IDENTIFICATION NO. 5

DESIGN FEATURE

DATE Deceml)er 10, 1975

TITLE
Manned First Vertical Flight

DESIGN FEATURE

The space shuttle is designed to be manned on tile litst vertical flight.

DISCUSSION
The shuttle design and operational planning is based on a manned lit-st vertical flight.

Accommodations tor two crewmen, as well as the capability for manual system control, will

be included in the shuttle design. Previous manned spacecraft programs have flown

unmanned developmental missions before committing to a manned flight.

Manning of the shuttle first vertical flight increases the probability of mission success

and decreases the probability of vehicle loss. Man in the loop provides significant backup

capability in evaluation, checkout, and operation of shuttle subsystems. Manual control

during ascent or entry could prevent loss of vehicle in the event of a tailure in the prima-

rv automatic systems. Recontiguration of essential systems or overriding of automatic sys-

tems could t)c_ accomplished if conditions are not consistent with premission planning.

Mission COlnpletion could lye accomplished in the event of a total loss of communications.

Mission profiles for tile tirst vertical tlight have been selected lot lllaxillltlnl safety.

Ascent and entry Irajectories will l_ature low dynamic pressure, low structural and lher-
nlal loads and c_;nlrol system gains set to enhance cotllrol capability. Launch and landing

will not be perlormed {lllder adverse environmental conditions. The optimum center of

gravity will lye estahlished with low payload weights. The mission will lerminate at Fdwards
Air Force Base which has maximum usable landing space. Additional consumahles will be

allocated tor contingencies. Ejection seats and pressure stilts will lye provided to allow ejec-

tion at ahitudes tq) to 75,000 feet.

Document 11-30

Document title: Associate Administrator for Space Transportation Systems, NASA, to

Administrator, NASA, "STS-1 Mission Assessment," May 12, 1981, with attached:

"Postflight Mission Operation Report," No. M-989-81-01, Foreword and pp. 1-3, 6-7, 9,

11, 13-14.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

More than two years behind its original scheduled, and _{fter a two-day delay because _?/eomputer prob-

lems, the.first Spree Sh'utt& launch look place on April 12, 1981. (By coincidence, this wa_ twenty

_,em:_ to the day after the fir_t human space)qight by Soviet cosmonaut YuH (;agarin.) 771i._report i.s a

)op-lm,el _umma O" _( the ._ucees_/ul mis.sim_ _ _esults; only the.fir_t part Of the report appears here, with-

out the fivefig,'ure_ and a table.
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Posttlight

Mission Operation Report
No. M-989-81-01

May 12, 1981

TO : A/Administrator

FROM :

SUBJECT:

M/Associate Administrator for Space

Transportation Systems

STS-1 Mission Assessment

The first flight of the four-flight Orbital Flight Test phase of the Space Shuttle
Program has been accomplished. The STS-1 mission was launched from Pad A of Launch

Complex 39, Kennedy Space Center, Florida, on April 12, 1981. The landing was on dry
lake bed Runway 23 at Edwards Air Force Base, California, on April 14, 1981.

This letter formally submits the ST_I Postflight Mission Operation Report (MOR). It

includes nay prmfously submitted formal statement of the mission's objective (see STS-1

Prelaunch MOR No. M-989-81-01, dated April 3, 1981), on which I have annotated my for-
real assessment of the mission's success.

The mission's objective to demonstrate a safe ascent and return of the Orbiter and

crew was accomplished, and I.judge the mission to have been a success.

Jotm F. x_Strdley

Postflight Mission Operation Report

[no page number] Foreword

MISSION OPERATION REPORTS are published expressly for the use of NASA

Senior Management, as required hy the Administrator in NASA Management Instruction

HQMI 8610.1A, effective October 1, 1974. The purpose of these reports is to provide

NASA Senior Management with timely, complete, and definitive information on flight
mission plans, and to establish official Mission Objectives which provide the hasis tot
assessment of mission accomplishment.

Prelaunch reports are prepared and issued for each flight project just prior to latmch.

Following humch, updating reports for each mission are issued to keep (;eneral

Management currently informed of definitive mission results as provided in NASA
Management Instruction HQMI 8610.1A.

Primary distribution of these reports is intended for personnel having program/pro-
.ject management responsibilities which sometimes results in a highly technical orienta-

lion. The Office of Public AfFairs publishes a comprehensive series of reports on NASA
flight missions which are available for dissemination to the Press.

MISSION OPERATIONS REPORTS for the Space Shuttle Program Orbital Flight
Tests arc comprised of a PREI,AUNCH REPORT and a POSTFIJGHT REP()RT for each

test flight. In addition, the ORBITAL FIJ(;HT TEST REFERENCE I)()CUMENT, issued

on a one-time basis, describes equipment, ta.cility, and management systems common to
all of the test flights ....
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[ 1] INTRODUCTION_

ST_I mission, the tirst of four manned orhital flights planned for the Orbital Flight

Test (OVF) phase of the Space Shuttle Program, was completed on April 14, 1981.

The Space Shuttle is the prime element of the U.S. Space Transportation System

(STS) for space research and applications in fimtre decades. The primal' goal of the OFT

phase of the Space Shuttle program is to demonstrate a capability for routine prelaunch,
launch orbital, entry approach, landing, and turnaround operations. The Space Shuttle

flight system for OFT consists of the Orbiter Columbia with its three mare engines an
external tank lET] and two solid rockel boosiers. The Orbiter its main engines and the

retrievable booster components are reusable elements; the tank is expended on each

launch.
The first OFT flight was designed to maximize crew and vehicle safety by reducing

ascent and entvy aerodynamic loads on the vehicle as much as possible. Each successive

flight will be planned to expand the operaling envelope including increased ascent and
loads and varied launch and entD' payload weight and center-of-gravity locations.

enua_he first flight of the OFT program was designated STS-1. This STS-1 POSTFLIGHT

REPORT assesses the achievement of the STS-I mission obiective and provides a detailed

description of the STS-1 tlight, l)escriptions of Space Shut|le Flight vehicles, systems, facil-
ities, mission support, and mission management, which are common to all of the OFT ntis-

sions, are contained in the ORBITAI_ FLIGttT TEST REFERENCE DOCUMENT (MOR

M-989-811), dated March 2, 1981.

[2] NASA MISSION OBJECTIVE FOR STS-I

The NASA mission obiective for the ST_I mission is to demonstrate a safe ascent and

return of the Orbiter and crew.

John F. Yardley
"Associate Administrator for Space Transportation Systems

Date: April 3, 1981

ASSESSMENT OF THE STS-I MISSION

The STS-I mission is judged to have been a success.

]ohn F. ',hrdley
_ssociate Administrator [or Space Transportation Systems

Date: 5/12/81

[3] ST_I MISSION DESCRIPTION GENEP_L

General

The first flight of the Space Shuttle was completed at 10: 20:58 a.m., PST, on April 14,

1981, with touchdown of the Orbiter Columbia. The landing wars at Edwards Air Force

Base (EAFB), California, 54 hours, 20 minutes, and 54.1 seconds after launch from the

Kennedy Space Center (KS(]), Florida. A profile of the ST_I mission, with event times
shown in actual ground elapsed time (GET) in hours: minutes: seconds, is illustrated in

Figure 1.
The commander of the mission was John W. Young, and the pilot was Robert I,. Crippen.

The data presented in this document are based on quick-look reports. Delailed
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analysis of all data is co llinuing and a tinal evaluation report prepared by the Integrated

Systen_s Evaluation Team will he issued by the Johnson Space Center (JSC) Space Shuttle
Program Otfice prior to the tlight readiness review for the STY2 mission.

Final Countdown (Figure 2)

The ST_I mission was launched at 7: 00:03.9 a.m., EST, on April 12, 1981, following a
scrubhed attempt on April 10. The countdown on April 10 proceeded normally until T-20

minutes (20 minutes prior to launch in the countdown sequence) when the Orbiter gener-
al purpose computers ((;P(:'s) were scheduled fior transition from the vehicle checkout

mode to the vehicle tlight contiguration mode. The launch was held for the maximum time

and scrut)bed when the t0ur primai T GPC's would not provide tire correct timing tot the

backup tlight system GPC. Analysis and testing indicated the primary set of GP("s provided
incorrect tinting to the backup tlight system al initialization and caused the launch scrub.

The problem resulted from a Primary Ascent Software System (PASS) skew during ini-

tialization. ]'he PASS GPC's were reinitialized and dumped to verity/that the timing skew
problem had cleared. During the second final countdown attempt on April 12, transition

o1 the primmy set of Orbiter GPC's and the backup [light system GPC occurred normally
at T-20 minutes.

The launch pad damage from the STS-I launch was less than predicted. All htunch
facililies, systems and support equipment pertormcd as designed.

[pages 4 and 5 were Figures 1 ;Hid 2] [6] Ascen_____._t

The ST_I mission was launched t+rom Pad A of launch (_omplex 39 at bLSC on an

azimutll of 66.96 degrees. Lift-off was achieved with both solid rocket boosters (SRB's)

igniting and the Space Shuttle main engines (SSME's) operating at rated power level

(100%). The SSME's were throttled down to 65% thrust level for maximum dynamic pres-
sure control and back up to 100% thrust level at the predicted times. "Fire maxiinum

dynamic pressure of ;,tscelH was encounlered at a GET 56 seconds. (The 00: 00:00 point
(hr: rain: st*() of (;ET is SRB ignition.) The SRB separation command was inilialed at 00:

02:10.4 GET tollowing SRB burnout.

Second stage flight utilized the SSME's at 100% thrust level nntil 3 g's were reached,
and 3 g's were maintained hy SSME throttling until approximately 6 seconds betore main

engine cutolt (MECO) when the engines were throttled to 65% where they remained
until ME(X). ME('.() occurred at 00: 08:34.4 GET, and separation from the ET occurred

23.7 seconds later. After separation of the El, the Orbiter was inserted into an orbit of

133.7-n. mi. [nautical mileJ apogee and 132.7-n. mi. perigee, with a 40.3-degree inclina-
lion. This orbit was achieved hv two orbital maneuvering system firings (OM_I and

OM_'2). The 86.3-second OM_I "manucver [sic] was iniliated at 00: 10:34.1 (;1'71" with the

75.0-second OMS-2 maneuver occurring at 00: 44:(12.1 (;ET ;it the ap()g(,e of the orbit
resulting from the OMS-1 burn.

The ascent trajectory was as l)lann<:d with all events tip through payload hay door
ot)ening and radiaior dei)loymen t occurring normally. Prior to the initial OMS hurn, the

chamber presstuc measurelnents for both engines were reading off:scale high on the
ground. The crew indicated proper operation of the onboard indicators. This was Iraced
suhsequently to a ground calibration problem.

Some real-time data were lost, as expected, during SRB operations because of signal
attenuation due to the SRB plume. Other communications hisses during orbit number

one were encotmtered at the lOS (Indian Ocean Station) where two-way S-band Iockup
was not obtained, at tl'le _hrragadee Tracking Station ira western Australia where UHF

voice was intermittent, and lit the Orroral Valley Tracking Station in eastern Australia
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wherenoS-banddownlinkvoicewasreceived.Communicationssubsequenttoorbitone
wereexcellent.

Themainpropulsionsystemperforlnednormallywithm_oapparenttransdncerfail-
uresandanunexpectedriseinthepogoprechargepressure.Dataindicatethe precharge

pressure exceeded 1425 psia and this situation is being analyzed. This is not believed to

be a problem since engine operation was satistilctory fiw the remainder of the ascent bnrn.
[7] The auxiliatT power units (APU's) operated as expected with no apparent problems.

The hydraulic systems also operated normally, ahhough all three water spray boiler and

vent t_,mperatures were off scale low. Add lionally, lubrication oil temperatures were

lighter than expected. These conditions were caused by freezing of preload water in tile

spray boilers. The icing in the boilers quickly thawed when the APU heat output

increased.
The fuel cells, co'ogenics, and electrical power distribution systems all performed sat-

isfactorilv with no anomolies [sic]. The lift-off electrical loads were about 23 kw [kilo-

watts], s_;me 5 to 7 kw lower than predicted.
The structural, mechanical, and thermal systems all performed well.

Solid Rocket Booster and External Tank Disposal

SRB Disposal--The SRB's were jettisoned after hurnont (ignition + 130.4 seconds) on

tumbling free-fall trajectories. BoIhSRB's fell within the predicted impact footprint in the

Atlantic ()c can approximately 140 n. mi. norlheast of I_%C. Splashdown occurred approx-

imately 7 minutes, 10 seconds after lift-off. The SRB's were recovered by retrieval ships.
The boosters were found floating high in the buoy position indicating good water ent_'

(Figure 3). One was dewatered with the nozzle plug and the other with the "barb" back-

tt f) tixlttre. The solid rocket motor cases, trustunls, and remaining items, except for 2 (of

6) SRB parachnles which were not retrieved, have been returned to I_SC for inspection

and processing.
ET DisposaI--ET separation front the orbiter was nominal at 0: 08:58.1 GET. After

separation, the ET followed a hallistic trajectoD' and upon its return into the atmosphere,

it began to break up about 100,0(10 feet above the planned breakup ahitude of
180,000 feet. Photography of the ET separation taken fl-om the Orbiter indicates thai tile

ET tmnble system failed to activate. The tumble system, which is activated betore separa-

tion hy sigm{Is from the Orbiter to a pyrotechnic valve inside the liquid oxygen tank nose

cap, is designed to prevent aerodynamic skip during reent_' to ensure that tank debris will
fall within a preplanned disposal area. Verbal reporls from the ET tracking ship, [the U.S.

Na_ T shipl Arnold, positioned in the Indian Ocean were that the debris ibm tlrinl was

larger than expected. Tracking data are being retnrned from the ship on an expedited

basis |or evaluation.

Onorbit

Tilt." ST_I orbital operations phase was initiated at the completion of the OMS-2

maneuver. I)ay l of the ST_I flight was concerned primarily with configuring the Orbiter

for onorbi! operation (i.e., opening payload bay doors, reconliguring software, INIU aline-
ments [sic]). After opening the l)ayioad bay doors, tile crew [page 8 was Figure 3]

[9] direcled tile onboard "I_ _ camera at the OMS pods, showing some thermal protection

system (TPS) damage on both pods (Figme ,I). An assessment of lhe thermal and slrllc-

l{lral loads for the area of the TPS damage on the OMS pods was conducted. The assess-

ment of the structural loads tm the TPS, assuming worst case descent conditions,

indicaled suttlcienI margin existed to insure Isicl that a(lditional damage would not occur

dtte to the entry ellvironlnellI.
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The DFI PCM recorder was noted to be in the continnous record mode abont 1 hour

into the flight. Attempts to place the recorder in the high sample mode were unsuccess-

fifl with the recorder apparently not responding to mode switch changes. Because of this
condition, the recorder was stopped hy removing power. Data review indicated that the

mode switch was placed in the high sample mode at the planned time. An in-flight test

showed that the recorder was not responding to mode switch changes. A procedure was
developed for the crew to further troubleshoot the recorder and determine its status for

entry and landing. All DFI PCM data continued to be transmitted and recorded over
tracking stations.

An attempt was made to replace the DFI PCM recorder with the ascent wideband

recorder; however, the crew could not remove all of the fasteners holding the panel cov-

ering the recorder and the replacement was not made. Postflight troubleshooting of the
DFI PCM recorder revealed that a loose shim had jammed the tape mechanism.

Orbiter temperatures remained within acceptable limits. The flight control systems
checks using one AP[] went as planned.

At 6: '_
,0:,i6.5 GET, after verification of critical vehicle systems, the first of 20MS

maneuvers was initiated to transfer the Orbiter to a higher orbit. The OMS-3 firing was
completed as planned and at 7: 05:32.5 GET, the OMS-4 manuever [sic] was initiated rais-
ing the orbit to a 148-n. mi. apogee by a 147.9-n. mi. perigee.

The firing time tbr OMS-3 was 28.8 seconds and for OM_4 was 33.1 seconds. The pro-
pellant remaining after the manuevers [sit:] was at the predicted levels, indicating satis-
!)ctory system performance.

The right OMS pitch gimbal primary channel exhibited degraded perfbrmance dur-

ing gimbal checks for the maneuvers, and a fanh summa D, message of right-OMS-pitch-

gimhal-fail was noted. The data were reviewed, and the analysis concluded that the gimbal

drive actuator rate did not meet specification performance requirements, and the prima-
,v was ttsed as a backup tot the deorbit maneuver.

Four reaction control system (R('.S) maneuvers were perlormed to verifY,, that all
thrusters were operating properly.

[page 10 was Figure 4] [11] At 40: 02:39 GET, the APU-2 gas generator injector bed

temperature dropped to 236 ° F (normal range: 350 ° F to 410 ° F), indicating the loss of gas

generator heater B. The heater was switched from the B to the A system and the temper-

atures began increasing. Approximately 4.5 hours later, the gas generator injector bed

temperatnres were again decreasing. The heater wa_s switched to the B system, but 11o

increase was noted. It was then returned to system A, but rio increase in temperature was

realized, indicating loss of both heaters. It was determined through a real-time ground test

that APU 2 wouki start satisfactorily at a bed temperature as low as 70 ° E The temperature
was predicted to be higher than 70 ° F for APU start fk_v deorbit[;] however, a start override
was ,eqtfired and was accomplished successfull,_..

Du,ing the tlight control system checkoutT, the horizontal situation indicator (FISI)

compass card did not respond properly. The indicator was off5 degrees during the "low"

test and did not drive at all during the repeated "high" test. A test procedure was per-

formed by the crew and the indicator again failed to respond, with the card appearing
stuck. I.ater, during checkout, the crew reported normal HSI timction.

The Y-star tracker experienced an anomaly. Bright object protection was being pro-

vided by an interim backup circuit which senses light in the field of view and wa_s latching

the shutter closed. The crew opened the shutter via an override command for subsequent
alinements [sic[.

The onorhit electrical loads were about 15 to 25kw, some 2kw lower than predicted.
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Descent and Landing

Enu T preparation was accomplished according to the crew activity plan and without

problems. The deorbit maneuver using both OMS engines was initiated at approximately
53: 21:31.1 GET during the 36th orbit, and 31 minutes later, the Orbiter entered the com-

munications blackout period of approximately 6-minutes duration. A nominal reentry was
flown and touchdown (Figure 5) was made at 180 knols at 10: 20:58 a.m., PST, on dl-y lake

bed Rlmwav 23 at Edwards Air Force Base, Calitin-nia. Total runway rollout distance fl'om the

touchdown' point was 8993 feet. Postrollout operations were acconlplished without incident,

and ground cooling was connected about 16 minutes after landing. The tlight crew egressed
the Orhiter 1 hour and 8 minutes after landing. This occurred after a delay for the ground

crew to clear hazardous vapors detected ill the _ficinity of the Orhiter side hatch.

Struclural, power; and heat rejection entry loads were generally lower than predicted
as were the APU, RCS, and active lhernlal control subsystem consumables usage. Orbiter

structure I)ackface teml)cratures were also lower than expected.

[page 12 was Figure 5] [ 13] (;ronlld Opcrati(>ns/Tllrllaronnd

Following tlight crew egress and ()rbiter sating, the Columt)ia was towed to Ihe

Mate/Dcmate Device tor weight and balance checks, purge of tile main propulsion sys-

tem, and propellant dclanking. An inspection of the Orbiter was performed. Tile most sig-

nificant disclepancics were a delanlination of a section of graphite epoxy structure on the

right OMS pod due to overheating and lesser overheating damage on the left ()MS pod,
a 1.25-inch cut through 5 of 17 plies on tile inboard tire of the left main landing gear, and

the loss of sleeve and bearing pieces fiom tilt" up-lock roller of tile right main landing gear

which were totmd on tile approach path 4-miles short of the touchdown point. A delailed

inspection of the thermal prolecfion tiles revealed minor damage to approximately
40() tiles. Aboul 200 liles will require replacement--lO0 as a result of flight damage and

100 identitied prior to ST_I as suilable for one tlight. Afler completion of inspection
aclivilies, the milome assembly was inslalled. Tile lailcone is an aerodynamic tairing that

attaclles to the aft end of lhe Orbiter for ferry tlight. The fer D' flight deparled Edwards al

10:16 a.m., PDT, on April 27, 1981. Following a slop at Tinker AFB, Oklahoma, for refu-

eling, the 747 and Orbiter remained overnight[,] lhen proceeded to the Kennedy Space
Center Shuttle l.anding Facility, landing at l 1:25 a.m., EDT, on April 28. After demaling
froln tilt" 747 aircrati, tile (:olumt)ia was towed to tile Orbiter Processing Facili[y to begin

processing for reuse ill the STS-2 mission.

[ 14] ST_I TEST AND SUPPI+EMEN+IARY OB.]ECTIVES

All of the crew activity obiectives assigned to S'I'_I were acconlplished based on early

data available from tile flight. The flmctional test objectives (FT()'s) and ftmctional SUl)-

plemenlmW obiectives (FSO's) accomplished are listed ill Tat)le 1. The VI'O's describe
[unt lions that ;_vere required to I)e performed io satisfy ST_I and�or OFT objeclives. The

FSO's describe functions which were necessary to salist_' supplenmntary ot)jeclives. Some

I:TO/FSO results m;v,_ he parlially incomplete, dependem on the amount of dala lost due

to the DFI P(',M recol(ler prot)lem described on page 9 of tiffs report ....

Document 11-31

Document title: AllenJ. Lenz, Staff Director, National Security Council, Memorandum for
Martin Anderson, Assistant to the President for Policy Development, et al., "Space Shuttle

Policy," July 17, 1981, with attached: "Presidential Directive: Space Transportation Policy"

and "Space Policy Review: Terms of Reference."
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Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

The administration of t'resident RonaM Reagan entered the VvT_ite House in January, 1981. With

re._pect to the space sector, one qthe first issues a&hvssed was poli_,fi_r the spm_ Shuti& which had

its initial launch on April 12, 1981. The terms qre[HenceJbr the Shuttle poll 0, review su@est the wide

varie(_, (_ ideas under di._cussion in mid-1981 about the Juture u.se and managemet_t o/the 8hultle.

[each page stamped "UNCI_SS1FIED" and "l)eclassified/Released on 1-25-96 trader pro-
visions of E.(). 12958 by D. van Tassel, National Security Council"]

[ 1] NATIONAI, SECURITY COUNCIL

WASHIN(,TON, DC 20506

,July 17, 1981

MEMOIL_NI)UM FOR

MARTIN ANDERSON

Assistant to the President for Policy Development

EDWIN HARPER

Assistant to the President and Deputs, Director, Office of Management and
Budge!

Tl tE ttONOI_:kBI,E VERNE ORR

The Secret;n y of the Air Force

RICHARD DARrvL_N

Deputy Assistant to the President and Depu_' to the Chief of Staff

(;E()R(;E A. KEYW()RTtt, II

I)irectot. Ot'fice of Science and Tcchnolo_,-Designate

JAMES BE(;(;S

Admitfistvator, National Aeronautics and Space A(hninistration-1)esignate

HANS MARK

Deputy Administrator, National Aeronautics and Space
Administration-Designate

WII+LIAM SCHNEIDER

._cssociate Director for National Security and International Affairs, Otfi(e (>t
Management and Budgel

SUBJECT: Space Shuttle Policy

Attached ti)r your review are drafts ot +the proposed Policy Statement and the Terms

of Reterence tot the Space Policy Review which were discuss__,d at the meeting held on
,ltme 10. An abbreviated version of the Terms of Reference was distributed to the National

Security Council members for their review before the meeting to be held on July 23.
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[2] It is reqttested that at W conmients be subnlitted to the [National Security Council]
Staff by [close of btlsitless] Jtlly 24. After all comments are l+eceived arid reviewed, a meet-

ing will hc shceduled [sic] for discussion on these items.

Allen J. Lenz
Staff Director

Attachments

[,,op ,ge,-,,,,be, I Presidential Directive

Space Transportation Policy

This directive establishes national policy that shall guide the activities related to the

Space Transportation System (STS). The United States will contimm to devel<>p tile STS

Ihrough the National Aeronautics and Space Administration in cooperation with the
I)epartmenl of l)efiqlse to service all authorized space users. The STS will be the primary

space launch system tor both U.S. mililat T and civil government missions. The transition

to the Shuttle should occur as expeditiottsly as practical.

The STS is a national program requiring sustained commitments by all departments

alld agencies. NASA will assure the Shuttle's utility to the civil govelllmellt alld IlOtl-gOV-

ernmenl users. The Deparlment of I)etcnse, through the Air Force will assure the
Shuttle's utility to delimse and integrate all national security missions into tile Shuttle sys-

tem. l_atmch priority will be provided to national security missions, and such missions may

use the Shuttle orbiters as dedicated mission vehicles. Any changes to key STS pr<)gram

milestones or cancellation of key milestones will require my approwd.

The Shuttle affects btoad policy considerations. Accordingly, the Director of the

OMce of Science and Technology, Policy will examine, in cooperation with appropriau,

agencies, whether IleW national direclions in space policy are warranted in of<ter to ensure

U.S. leadership, to assure that the STS is managed in the lll(}SI elti'ctive manner, to meet

the ftlttlre ileeds c,f spa(e tlsers+ and to protect U.& national security needs. Any goals or

initiatives considered as new directions in space policy should be analyzed to deternfine if

they are consistent with fiscal and economic priorities.

Ill Space Policy Review
Terms of Reference

SECTION I. Futttre I+aunch Vehicle Needs

A. l<tentit_,, and assess the ftmne nee<Is tot <leliqlse, commercial and scientific launch

vehicles or space plattorms that may bc required in the late 1980's and beyond.

B. Review existing studies thai have bccn undertaken by various agencies on launch vehi-

cle re<lttirenlents and evahlale the implications of meeting future launt'h require-

merits by the Shuttle alone. Evah£alc the national security, artns conln<+l, political and

econ<)tnic implications of the Shuttle ;is the only launch capability.

C. tkssess the curtcnt delk'nse and civil launch vehicle hackttp Sllaleg_+ alld late of tz-ansi-

tion to the Sht,ttle. +_cssess the t)udgemlT, national scctHity and political implications

of this strateg 3' and possible ahernatives.
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D. Determine what launch capabilities will be required for future [anti-satellite] options

that we may pursue. Specifically, address the launch requirements for possible space

based [anti-satellite] systems.

E. Assess tile implications of using tile Shuttle in active military operations. A_ssess the

feasibility of using the Shuttle as an integral part of a weapon system. What advantages

do unmanned launch vehicles provide over the Shuttle? Moreovm, to what ends

would we he willing to use the Shuttle in an [anti-satellite] mode. What steps are nec-

essa O' to protect against Shuttle disruption?
E Assess how the Shuule will be used in times of crises or war to launch satellites. If the

conflict is protracted, do we run the risk of losing all our space launch assets through

attrition? Will the nation accept a conscientious decision to expose the Shuttle flight

crews to anti-satellite attact [sic]?

(;. Determine what launch vehicle requirements are needed [br survivability and endur-

ing space borne systems.
tl. ,,kssess whether we should embark on a completely new unmanned (expendable or

recoverable) launch capability [2] to meet future non-Shuttle needs, if any. Consider

development schemes that build tm existing technologies or systems--i.e., Delta,

Titan, Shuttle main engine, new ballistic missile systems.

I. In the near term, development and enhancement of the Shtttlle's operations and per-

fornlance inay be required for both civilian and national defense applications.
Examine what the long terln future requirements and opportunities will be fin- I)oth

civilian and defense applications. Review and make recomnmndations on Shuttle sys-

letn ilnt)rovements to inchtde, but not limited to, upper stages.

SECTION 1I. Shnttle Organizational Responsibilities and Capabilities

A,

B.

[31 2.

Review the present policy that NASA should continue to be responsible tot overall

management and operations of the Shuttle.

Evaluate the implications--political, budgetary, foreign policy, national security, leg-

islative-for NASA to continue not only as the Shuttle developmental agent, but the

operational manager of the Shuttle in flw 1980's and beyond.

1. Examine the implications (same as in B above) tkn two parallel operational

Shutth' systems; a civil eftk)rt under NASA and a defense etfort under the Air
Force,

Examine the itnplications (same as in B ahove) for the Air Force 1o take over as

operational manager of tile Shnttle for all users--inchlding foreign--in the

1980"s and beyond.

3. Evaluate the implications (same as in B above) of establishing a separatv space

lrausl)ortation agency that would provide launch service to all users.
4. Examine tilt +inll)lications (same as in B ahove) of turning the Shuttle over to the

t!S private sector to tnect all US (',(vternment launch service requirenlenLs short
o1 whal launch vehicles, if any, would I)c required hy l)efense in crisis and conflict

situations.

For each ahernative examined under 1-4 above, state the most appropriate phasing

of each ahevnafive.

(L

SECTION Ill. Update Existing Policy

A. Review I'residential Directive-37--Natioual Space Policy. Evaluate the existing rela-

tionships among ttle civil, defense, and intelligence space sectors. Determine if the
guidance set forth in the National Space Act 1958 remains valid..acssess the implica-

lions of: ( l ) Provision for emergency use of civil systems by Defense. (2) Survival)lilly

of space systents. (3) Wider dissemination of classified space products.
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B. ReviewPresidentialDirective-42--CivilandFurtherNationalSpacePolicy. Determine
whether tile framework for space science activities remains valid. ,Mssess the decisions

that directed NASA to reenter long term communciations [sic] R&D and charged

[the National Telecommunications and Information Administration] to aggregate

the public service communications market. Determine whether technology sharing
among space sectors should continue to be pursued.

C. Review Presidential Directive-54--Civil Operation Remote Sensing. Assess any out-

standing issues concerning operational land remote sensing. Evaluate the decision

that separate weather satellite systems should be pursued in the fimtre. Consider if

an[y] oceans satellites are initiated, whether joint NASA, Defense, and Commerce

management should continue as national policy.

[4]D. Critique tire above directives and place in context with the Reagan Administration

policies arrd direction. Keep in mind the long term commercial and national securiw

interests of tire nation; assess the process by which decisions that affect these interests

are coordinated within the US (;overnment, i.e., preparations for tiN Outer Space
Committee, Moon Treaty, etc.

SECTION IV. I,egislation

A. Examine what legislative initiatives, if any, will he necessary to implement any changes
in US space policy.

Document 11-32

Document tide: The White House, National Security Decision Directive 8, "Space
Transportation System," November 13, 1981.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

In its,first space policy statement after taking ¢_]]icein,/anuarv 1981, the Reagan administration se!

out its policy.fin- the Space Transportation ,S),stem (Space Sh[atl*,). This polio,, as_iLming NASA the

_vntinuing lend ,vie in the Shuttle prognam and declaring the Shuttle to be the p,4ma U launch ,sy._-

tern ]or all government mission_, _sentiallv endorsed existing plans d_u, loped dum_g the Carter

administration. Some had a_L_ued dum_g the pn,ceding ntonths.fi_r d!fferent mana ffement arranLw-
menl._ /br Ihe Mtuttle.

[stamped "Declassilied on 6/14/9(1"]

THE WHITE HOUSE

WASHINGTON

November 13, 1981

Nation al Sec uri O, l)eci_ ion
l)irective Number 8

Space Transportation System

Recognizing the importance of space programs in the broad commercial, civil, and

national security needs, tile United States is committed to a vigorous effort that will ensure
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leadership ill these areas. Tile Space Transportation System (STS) is a vital element ill lul-

filling these needs.
This decision establishes national policy that shall guide the activities related to tile

STS. The United States will continue to develop the STS through the National

Aeronautics and Space Administration in cooperation with the Department of Defense to
service all authorized space users. Tile STS will be the prima W space launch system liar

both United States militaw and civil government missions. The transition to the Shuttle

shottld occur as expeditiously as practical.
The STS is a national progranr requiring sustained commitments by all departments

and agencies. NASA will assure the Shuttle's utility to the civil government and non-gov-
ernment users, hr coordination with NASA, the Department of Defense u41l assure the

Shuttle's utility to defense and integrate national security missions into tire Shuttle system.

Launch priority will he provi(le(l to national security missions, and such missions may nse
the Shultle orbiters as dedicated mission vehicles. Ma:ior changes to STS program capa-

hilities will require my approwll.

Document 11-33

Document title: President Ronald Reagan, "Remarks on the Completion of the Fourth

Mission of the Space Shuttle Columbia," July 4, 1982, pp. 869-872.

Source: Public Papers of the Presidents of the United States: Ronald Reagan (Washington, DC:

U.S. Government Printing Office, 1982-1991).

In a ceremony, replete with patT{otism, 0n.tidy 4, 1982, Preside_nt Ronald Reagan witnes.wd the land-

i_qg ,[the fin_rth mission _!/the :_mre Shuttle (_ohunhia at l:dward._ Air Fcm'e Base in the Cal!fimnia
desert, fie used the occasion to is._ue a m'w statement _!/.Vational Space Policy [,see Exploring tire

t:nknown, Vohune 1, Document 111-38], to make a tentative initial commitment to the development

O/ a space _tation, and to declare the Space Transportation ,_._tem operational. The Columbia mis-
sion was commanded by veteran astwnaut Thomas K. (Ken) Mattingly, referred to by Reagan here

a_ "71K. ,; the pilot wa,4 ftenr_" (Hank) Hart.!fieM. As Reagan _poke, the NASA carrier aircraf t with
the _econd Shuttle orbit_ Challenger, on top ¢_[ its /i¢selage took O[] /}om l-dwards.

[8691 United States Space Policy

Hemmk_ on the Completion o[the l:ourth Mi_._ion o/the Space ,W_utlle(_olumhia.

.]u& 4, 1982

The President. T.K. and Hank--as you can see, we've gotten well acquainted already--

you've just given tile American people a Fourth of July present to rememher. ! think all of

tLS, all of us who'vc.just witnessed the magnificent sight of the (Jolumbia lOtlching down ill

tire (_alilbrnia desell, t+eel a real swelling of pride in our chests.

In the early days of our Repuhlic, Americans watclled Yankee Clippers glide across the

many oceans 'of the w<)rld, manned by proud and energetic in<lividuals hrcaking

[870] records tor lime and distance, showing our tlag, and opening up new vistas of com-

tncrce and t<)nrtnunicalions. Well, today, l think yon have helped recl+eate tile anticipation
and cxcitemenl ti'h in those h<mlt'l_orts as those gallant ships were spolted on the horizon

heading in after a hmg wLvage.
l'odav we celebrate tile 206th anniversary _)["our indel)endetlce. Through our history,

we've nexler shrunk betore a challenge. The conquest of new frontiers for tile betternlent

of onr homes and families is a crucial part of our national character, something which you
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so ably represent today. The space wogram in general and the shuttle progranl in parlic-

ular have gone a long way to help our counlry recapture its spirit of vitality and confi-

dence. The pioneer spirit still flourishes in America. In the future, as in the past, our
freedom, independence, and national well-being will be tied to new achievements, new

discoveries, and pushing back new frontiers.

The fotuth landing of the Columbia is the historical equivalent to the driving of the
golden spike which completed the first transcontinental railroad. It marks our entrance

into a new era. The test flights are over. The groundwork has been laid. And now we will

move forward to capitalize on the tremendous polential offered by the ultimate frontier

of space. Beginning with the next tlight, the Columbia and her sister ships will be fully oper-

ational, ready to provide economical and routine access to space fi)r scientific explo_'ation,
commercial ventures, and ti)r tasks related to the national security.

Silnul/aneously, we must look aggressively to /he flmne by demonstrating the poten-

tim of the shuttle and establishing a more permanent presence in space.

We've only peered over the edge of our accomplishment, yet already the space program

has improved the lives of eve D, ,Mnerican. The aerospace industry prmqdes meaningfltl

emplosanent to over a million of our citizens, many working directly'on the space program,

others using the knowledge developed in space programs to keep us the world leader in avi-

ation. In fact, technological innovations traced directly to the space program boost our stan-

dard of living and provide employment for our people in such diverse fields as

communications, computers, heahh care, energy,,' etficiency, consumer products, and em4-

romnental protection. It's been estimated, for example, Ihat information from satellites has

saved hundreds of millions of dollars per year in agricuhure, shipping, and fishing.

The space shuttle will open up even more impressive possibilities, permitting us to use

the near weightlessness and near-perfect vacuum of space to produce special alloys, melals,

glasses, c_Tstals, and hiological materials impossible to manufacture on Earth. Similarly, in

the area of nalional securi_', our space systems have opened unique opportunities for

peace by providing advanced methods of veri_,ing strategic arms control agreemenls. The

shuttle we just saw land carried two kinds of payloads, one funded entirely by private indus-

IIT, and the (ither, related to our national security, sponsored by the ?dr Force.

This versatility of the Columbia and her sister ships will serve the American people we'll,

yet we lilt|St llevel fi)rget that the belief]Is we receive ave dtle tO our COtlntrY's connllitltlen[

made a decade ago to remain the world leader in space technolog),:

To ensure that the :Mnerican people keep reaping the benefits of space and to pro-

vide a general direction for our fimuc efforts, I recently approved a national space policy

statement which is being released today. Our goals for space are ambitious, ,vet achievable'.

They include continued space activity for economic and scientitic benef]ts, expanding pri-

vate investnten! and involvement in space-related activities, promoting international uses

of space, cooperating with other nations to maintain the fleedom of space for all activities

that enhance the security and weltare of mankind, strengthening our own securily I)y
exploring new methods of t,sing space as a means of maintaining the peace.

There are those who thought the closing of the western fi-ontier marked an end to

America's greatest period of vitality. Yet we're crossing new frontiers eveK T day. The high

lechnologg' now being developed, much of it by hyproduct of the space eflort, ofti'rs us

and lhture generalions of Americans opportunities never dreamed of a t;ew years ago.
'Ioday we celebrate American [871] independence confident lhal the limits of our fiee-

dora and prosperity have again heen expanded by meeting the challenge of the frontier.

"_,k"also hon<lr two pathfinders. They reafthm to all of tts that as long as there are fron-

tiers to he exph)red and conquered, Americans will lead tile way. They and the other astro-
nauts have shown the world that Americans still have the know-how and Americans still

have tile true grit that tackled a savage wilderness.



336 DEVEI .()PINt; TI IE SPA( :E SIq t II*I'I.E

Charles Lindbergh once said that "Short-term survival may depend on the knowledge

of nnclear physicists and tile perfbrmance of supersonic aircraft, but long-term survival

depends alone on tile character of man." That, too, is our challenge.
Hank and T.K., we're proud of' you. We need not fear tor the fnture of our nation as

long as we've got men like you to ser_'e as our inspiration. Thank you both, and God bless

you for what you're doing.
Befi)re I introduce you, if you'll all just look--well, I'm sure down in front maybe you

can't see--but way out there on the end of the rmtway, the space shuttle Challenger, affixed

atop a 747, is about to start on the first leg of a journey that will eventually put it into space
in November. It's headed for Florida now, and I believe they're ready to take off.

Challeng_ you are free to lake off now.
And now it's my pleasure to introduce to you two sons of Auburn, Captain T.K.

Mattingly and Colonel Hank Hartsfield.

captain Mattingly. Thank you.
Mr. President, you mentioned something about people having a desire to maintain a

presence in space. Not very many hours ago I know two guys who really wanted to main-

lain that p,'esence in space a while longer. That is, you never get tired of it. The most

remarkable thing, besides the machine and tire team that put it together, is that it's a new

discovmw every minute and every day.
Tire" machine we built is a first stepping stone. Here comes the second one. We're

standing in front of its pathfinder, and there's more to come. Where we're going to go in

the future is sontething that depends on you. [At this point, the Space Shuttle (Jhallenger

and its transporting aircraft passed overhead, en route to Kennedy Space Center at (:ape

Canaveral, Florida.] And maybe that's our second stage.

l'd like to thank you fl)r being here today. It's really a privilege for us to be part of this
celebration. I don't feel like--it isn't our celebration at all. We were.jnst lucky enough to

be here.

The people that make all this work are the thousands of designers and engineers that

made it work. And as the President pointed out, all the technology in the world is just a

tool. And the only thing that makes the difference between our teclmology and the trip
that we've just had and tire sights that we've seen and the things that we've thought and

the ideas that that's spurrett--all the difti'rence between that and just plain old technolo-

gy is dw people that made it happen. And the country is blessed with having a team that's
dedicaled to the United Stales an(l to the exploration and exploitation of space. And I am

jrlsi as Inoud as I can be to be a part of that NASA team.
There's one other thing that I'd like to say, and I'll let Hank talk to you. ttank's had

m endure me tot a long time now, and he probably thinks that this last year has been the

longest year of his life. And it's certainly had more hours packed into it than most. But

throughout it all, this guy has maintained a sense of humor and an indusu T that's second

to none. And this is the finest pilot that ever tlew in a spacecraft.
Hank.

Colonel Hartsfield. It's kind of tough to follow that. 1 can only echo the words of the

President and T.K. I am ve W proud to be ttere and be a part of the shuttle l)rogram.

1 drink back to 206 years ago when our toretathers ushered in a new era of true

democracy for the world. And here today I think we haw_ ushered in a new era also--a

fully operational space transportation system. We've got a real line vehicle there. Thai

veh'icle pertormed t_n beyond my expectations, and 1 think "EK. and i brought all you tolks

about the best spacecraft that's ever been buih. It will be tough for Chall,,'nger and the ones

coming down the line to top it.
[872] But as Ken said, the people that put all tiffs together are the important part. "I:K.

and I are only just a little tip of the l)yramid, and we're standing on tire lop of a huge mtm-

ber of people who have dedicated their lives and their ell'orls to making it all work. It can'l
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bedonewithoutyoufolks.AndI'mconvinced,asT.K.is,thatAmericantechnology is tilt'

greatest in the world, because we have the best people in the world, people who are will-
ing to work.

I think that tile fltttlre is going to hold something for us that at this point we cannot

even imagine. In the short time that I was there in space, I thought of some things that

could only be done there. And when we start sending people up routinely, as the President

pointed out, we just opened a railroad. "I:K. referred to it once as "opening up the l]ee-

way." Once they're buih, we know no hounds to what we can do. And I am very, ve D, proud

to be a part of this initial effort.

Thank you.

The President. Come on up, both of you. I just wanl to, again, tell you how proud we

are of yon. And today, as we celehrate our 206th anniversal T of our independence, let us

remember we're a prosperous people and a suong people because we're a fi-ee people.
Well, God bless you all and a happy Fourth of Juty.

Now, here they come. [At this point, a band played "(;od Bless America."]

Happy Fourth of July. And, you know, this has got to beat tirecrackers.

Document 11-34

Document title: NASA, "National Space Transportation System: Analysis of Policy Issues,"
August 1982, pp. 5-12.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

Thi._ report contains NASA k views on the Jiaut_, Of U.S. space transportation as _]1982, q[ier the

Space Shuttle was declared operational NASA repeated its hmg-runninl4 aq,_uments that at least five

_STmttle od)iter_ were necessary, that the Shuttle couM launch all l_S. pc_,loads without being comple-

mented by expendable launch _mhicle_, and that NASA ._houht remain the manager O/Space Shuttle

operations, with the Department r?[l)efense as a cooperating, partne?: What ]bllows is the executive
summa_y Jrom the report.

National Space Transportation System
Analysis of Policy Issues

August, 1982

Prepared by

National Aeronautics and Space Administration

Washington, 1).(:. 20546...

[5] EXECUTIVE SUMMARY

At the direction of the President, the OItice {}t Science and Technology Policy (OSTP)

of the Executive Of]ice {}f file Presi{len! was commissioned in the Fall of 1981 to develop
a space policy that sets national priorities and goals. Under OSTP auspices, an interagencv

Space Policy Study Steering (;ronp with a supporting %_}rking {;roup was formed to devei-

op issues and .recommend attendant policy slaleme,ns. NASA was assigned the study lead
Oil three key t}olicy issues:
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a. Thebestinstitutionalplacementfortheorganizationtomanageandoperatethe
SpaceShuttle

b. MixedfleetofexpendablelaunchvehiclesandthereusableSpaceShuttlewwsus
SpaceShuttleonly

c. Futurelaunchvehicleneedsfordefense,commercial,andscientificpurposes

IllJanuary'1982,aSpacePolicyTaskTeamwasestablishedwithinNASA,composedof
keypeoplefromHeadquartersanditsfieldcenters.TheTaskTeammetperiodicallyover
thecotlrseof tilestudyto developandanalyzetheissues,todebatethestrengthsand
weaknessesof alternateorganizationplacements,mixedfleetandnewlaunchvehicles,
andtointerviewkeyexecutivesfiomgovernmentandindustry'toinsure[sic]thatabroad
perspectiveonallspacepolicyissuesemerged.

Tireoriginalintentwasto conductajoint NASA/Departmentof Defense(DOD)
study.Thismutualeffortwasnotpossible,however,becauseofincompatibilitiesbetween
the NASA and Air Force Task Team schedules. Although the conclusions and reconuuen-

dations of this report primarily represent the NASA Task Team's evaluation of the key
issues, there has been limited involvement with other agencies including DOD. Part I of

this report presents all Executive Summary, Part II an Introduction, and the three key
issues are addressed in Parts I11, IV, and %2

As a result of NASA's study, tile following policy statement was developed for submis-

sion to the interagency Space Policy Study Steering Group.

RECOMMENDED SPA(]E TRANSPORTATION POLI(N STATEMENT

The National Space Transportation System (NSTS) is composed of tile Space

Transportation System (Space Shuttles and Upper Stages) and Expendable Launch
"vehicles (ELV's). Tile Space Shuttle is the prima W U.S. space launch system. The U.S.

Government is fldly committed to maintaining the U.S. as tire world leader in space trans-

portation and to a continning Space Transportation System (STS) capability with a capaci-

ty to meet the needs of all users. All new U.S. Governntent spacecraft shall be designed to

take advantage of tile unique capabilities of tile STS. ELV operations shall be contimu.'d

until the capabili_' of the STS is sutficient to meet the needs of all users. National Security
considerations may dictate maintaining ELV's or developing other launch capahilities.

Commercialization of part or all of tile STS or ElY's shall be encouraged when it is

determined to be in the best national interest.

[6] Tire planned STS performance to low earth orbit is sufficient tot tile foreseeable

furore. Optimization of tile STS shall be continued to include an economical upper stage

delivery' capaciD', all efficient local orbital maneuvering capability, and other overall STS

enhancements as necessaw to increase the effectiveness and utilization (,f the STS tor
natiomd and inlernational users.

Tile STS shall continue to be managed and operated in tire neat--term under all insti-

tutional arrangenlent consistent with existing NASA/DOD agreements; however, the flex-

ibilily to ew)lve toward a ditferent institutional arrangenmnt shall be maintained.

The STS organizalion, consistent with NASA/1)OD responsil)ilities, shall:

* Maintain U.S. role of world leader ill space transportation

* Provide priority operations for national security missions

• Provide economical STS operations

• Expand the STS capabilities to fully exploit the opportunities of space

• Provide access to space for all customers

• Pronlote civil and U.S. lnilital y space operations

• Develop new markets for tile STS
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• Meetthechallenge<)finternationalcompetition
• Insure[sic]smoothtransitionofU.S.GovernmentpayloadstotileSpaceShuttle

PARTA- THE NATIONAl, SPACE TRANSPORTATION SYSTEM OPERATIONS
PLACEMENT STUDY

This part of NASA's Analysis of Policy Issues identifies the best institutional setting for

tile NSTS within a spectrum of placement options ranging front within tile Government:

a. NASA

b. DOD

c. A parmership or joint arrangement belwcett NASA and I)()D

d. Another existing Federal agency, e.g., Transportation o1 Commerce

e. A new Federal agency, or

f. Some f<)rm of government corporation

to a setting ontside tile (;overnment it1 a priwtte corporation. The NSTS is a national

resource conq)<+sed of the entire fleet of U.S. space launch vehicles. NASA and tile DOD

currently share responsibility fi)r nmnaging at(it operating this fleet. NASA is responsible
tot the management and operation of the Space Shuttle, Delta, Atlas-Centaun and Scout

space launch vehicles, while the Air Force as the executive agent for the DOD is respon-
sible for the Atlas E/F and Titan vehicles.

The NASA Task Team conducted this study in two F,hases. In Phase One, the fi)cus was

on envisioning tile national priorities and scope of related space activities over the next

decade and beyond (the fat term) and identifying the best institutional setting for that

time frame. In Phase "Ik_'o, the to(us was on the realities of organizations, plans, and events

now in place and in motion to identit), the best near-term organizational setting support-
iv(, of the thl-[etln.

[7] The NASA Task Team concludes [ha[, in the far lerm, the civil and militat T sector will

continue to expand. Furthermore, lhe unique military (tcnlands tor assured access to

space in times of crisis and conllict, secnre operalions, and possible special vehicle con-

figurations (resulted for general purpose civil usage may eventually lead to separate civil

and military space operations. The cost of scparale operations need not be large[,] pro-

vided file Iwo sectors share common production, logistics, and other support services.

Today, national defense ELV operations are separate fiom civil operations. This arrange-

ment may even(trolly reemerge in the Space Shuttle era. _Vilh lhe expectation that the

cvenltml separation of national tlelk'nse operations fi-om civil operations is likely, lhe

NASA Task Team turned its altelllion to determining tile organizational setting 1)(st stilt-
ed to opcrate the civil segment in the t_u term.

The NASA qask Team concludes thai NASA, a new government corporation, or a pri-

vate corporation are all st(liable tor managing civil operations. NASA's strengths include

its in-place manned space flight organization, management struclttre, experience base

with a proven record of success, well-established linkages to llle domestic and interna-

tional civil user conmntnities, and its recognizcd advocacy for visible, peacelid, and open

use of space. Many perceive Shuttle <>pcrations as dihtting NASA's principal fi)cns of

advancing the leading edge of science anti tcchno!og,O'; hen<(, managing an operational
organization would be an tmsuitablc assignment in lhe far term. The NASA Task Team

<toes not accept this view and belicvcs that the operation of the NSTS colnf)lements and

supports NASA's role in scielwe and nmnr|ed spacc llight technolog,_, development. A g<>v-

ermncnt c<wporation and a private corporation in the [,u term are also deemed suitahlc

organizational settings, because both ofl'er tlexibility and innovation (i.e., markeling
incentives, unlL'ttercd personnel, procurenwnt altd pricing policies), and access to debt
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and/or equity markets versus sole dependence on appropriations. The primal T advantage

of a government-controlled corporation over a private corporation is the assurance that

the interests of all users are protected and, in particular, tile needs of the national defense

sector are adequately coordinated with DOD operations.

The establishment of either a government or private corporalion is not practical in

the near term, as executive and congressional assent is required, and it is questionable

whether the STS could be a self-sustaining enterprise with sufficient return on investment

at this stage of the Shuttle Program. Transferring tile NSTS in the far term to either an

existing tk-deral agency or a new federal agency offers no significant advantage over con-

tinned management within NASA, other than to symbolize renewed national commitment

to an expanding space transportation system or to permit NASA to focus more sharply on
research and development. Further, creation of a new agency is inconsistent with the

Reagan Administration's goal to curb the size and scope of government and reduce the

proliferation of agencies. In summa_', the NASA Task Team concludes that it is too early
to determine the best civil sector far-term organizational placement (NASA, Government

Corporation, or Priwlte Corporation). However, the choice of a near-term interim orga-

nization placement must not impede or preclude the eventual transition to one of these

institutional settings. The timing of this transilicm will be dictated by the maturity of the

Space Shuttle Program, tile growth of space traffic, and the economic viability of [ttlt,]

Splice Shuttle in an eVolVillg and uncertain internationally competitive space transporta-
tion marketplace.

[8] Phase Two of the study tocnsed on the near-term placement options. Tile near term

extends to the point when the DOD brings on-line their launch and landing operations

capability at Vandenberg Air Force Base (VAFB) and their Consolidated Satellite

Operations Center (CSO(:); that is, in the 1986--1987 time frame. Tile NASA Task Team
concludes that only three organizational placelnent options are viable: a NASA/DOD

partnership, a NASA/DOD joint operation, or inanagement exclusively by NASA. These

Ol)tions are viahle principally because of the necessity for continuity in the Space Shuttle

program during the emerging early operations and because NASA's experience base tan-

rest be readily uprooted and transplanted to another organization without possible harm

both to the Nation's space transportation leadership and to NASA itself. The ahernative

of placing the NSTS solely in DOD was also considered but rejected since, in the NASA

"Iask Team's judgment, DOD is not prepared to conduct STS operations, nor is this place-
ment consistent with the Nation's emphasis on open and peacelifl list" of space.

Consequently, the most attractive near-term organizational placement options are
described as folh_ws:

a. NASA/DOD Partnership--This organizational design is the currently evolving

arrangement coilsistent with a 1979 memorandum of understanding I)etween NASA and

D()D. NASA is responsible tk_l"the overall Space Shuttle nlanagement and operations until

DOD's VAFB and CSOC becolne operational. Until that time, NASA is the executive agent

for latmching and operating milital T missions with DOD as tile mission manager. With tile
activation of VAFB, DOD will launch both militat T and civil missions fi-om the West (2)ast

as NASA now does fiom the East Coast. NASA is the mission manager for civil missions,

and DOD is the mission manager for military missions. Responsibility tZ)r DOI) Shutlle
mission control shifts from NASA to DOD with the activation of CSO(:.

The NASA/DOD partnership is in place and successfully evolving; has a l)row'n

record of success; enjoys a unity of control, responsibility, and accountability; and assures

continued linkages of tile earl}, phase of Shuttle operations to the development experi-

ence base within NASA. It also provides tile DOD with adequate means fi)r control of mil-

itary operations through the mission manager fimction. The partnership and division of
resotlsibililies [sic] are suitable both for the near and far term. However, as the utilization
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of space expands, tile national security reqnirements will probably dictate the need for

separation of milita D, and civil operations. In the interim, to improve and better balance

tile partnership, tile organization should be fortified with greater DOD participation in

the functional line management and policy development of the NSTS. This balance can

,be encouraged by assignment of DOD detailees to key management roles within NASA

and, in turn, assignment of NASA personnel to DOD functional management roles. The

intent is to assure DOD participato W management control and visibility and to prepare

DOD for eventual quasi-autonomous Shuttle operations in the far term. The partnership

organization also preserves the separate NASA and DOD EIN programs undisturbed with-

in their respective agency settings.

b. NASA/DODJoint Operation--This organizational design is a variant of the part-

nership wherein, in the extreme form, a totally new management structure is developed

and constituted with personnel from NASA and DOD to manage and operate the NSTS.

Policy, program direction, allocation of resources and other responsibilities are jointly

determined and approved.

[9] The definition and implementation of this option is difficuh and complex. The link-

ages between the new organization and DOD, NASA and Congress, its relationships with

the NASA field centers and DOD installations, and the hierarchical levels in the organi-

zation where responsibility is shared results in a complex organization that would be di[:

ficuh to implenaent. While such an organizational setting may provide greater DOD

assurance of control and responsiveness to national defense needs, the injection of addi-

tional civil involvement into the DOD operations at all organizational levels may compli-

cate security measures and impede the open and growing use of space by the civil sector.

Furthermore, once a joint operation is created in the near term, it would be difficuh to

sever and disjoint in the fiar term. While such an organization may be established in the

near term and function into the far term, its drawbacks were judged to outweigh its poten-

tial advantages.

c. NASA only--This organizational concepl places all responsibility tot tile Space

Shuttle management and opetations within NASA. Accordingly, the parmerslfip with I)OD

is dissolved and NASA oversees the activation of VAFB and the development of the Inertial

Upper Stage (IUS) and other related DOD activities. The principal advantage of this

option is that it consolidates all space transp<>rtation; however, it symbolizes primarily civil

use of space and relegates DOD to a positi<m totally dependent upon NASA tbr space

access and manned operations. With NASA as sole operator of the Space Shuttle, the DOD

does not have control and direction of national security operations. Consequently, lilt" Task

Team rejects this option a.s neither politically nor practically desirable.

In stnnnlat T, tile ew_lving NASA/DOD partnership, slrengthened by intusion of DOD

personnel into the functional line management of [the] Space Shuttle, is the organiza-

tional setting best suited to direct near-term NSTS operations. This parmership provides

the tlexibility [br a [m_term transition to a new institutional setting if required.

In support of the National Space Policy, tilt- NASA Task Team recommends thin the

NASA/DOD parmership, consistent with the current interagency memorandunl of under-

standing, serve as the organization tot managing tile NSTS. Flexibility should lye main-

rained to ew_lve loward a diftk'rent institutional placement tor the fm_term if necessm T.

PART B -- MIXEI) FI,EET ASSESSMENT

This i)ortion of the NASA Space Policy Study assesses the mixed tleet issue. Three spe-
citic subissues are addressed:
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Subissue1-- EIN'srequirementsfornationaldefense.
Subissue2-- EIN'srequiredtoaugmentSTS.
Subissue3-- CostofShuttleversusmixedfleet.

Subissue1isprimarilyaDODissnebutwasaddressedbytileNASATaskTeam.Thecon-
cernisprimarilyoneofconlidence.UntiltheShuttleoperationsmature,Titansmusthe
availableif neededtolaunchcriticalnatiomddefensemissions.Theissue,then,ishowlong
shouldtheTitansbeavailableatETR[EasternTestl_mge]and_rI'R[WesternTestRange].
TheconsensusoftheNASAgroupwasthatbytheendof1984,adequateconfidenceinthe
STSlaunchcapabili_'fromETR[10]shouldexistsince15to20STSflighLsfromETRwill
havebeenflown,andtherewillbe3or4orbitersin theinventor'.WTRisscheduledtobe
readytorSTSlaunchesin October1985.At leastoneflightmustbesuccessfifllyaccom-
plishedtoprovideadequateconlidencettlattheWTRlaunchfacilitycansupportcritical
launchschedules;therefi_re,Titanswillbeneededat_FRuntillate1985,atleast.

A detailedanalysiswasconductedto answersnhissues2and3relatingto theIotal
needsforEI.V'sandShuttles.ThemostcurrentNASAandDODmissionmodelswere
usedandcoordinatedwithDODandothergovernmentagencies.Casesweremnwithan
alI-STSfleetcomparedwithvariouscomhinationsofELV's.Thensensitivityanalyseswere
rtmagainsteachof the cases for the fifllowing parameters: the number of flights per year

per orhiter, the amount of orbiter downtime, and the total number of flights.

To augment the STS (subissue 2), EIN's are manifested currently into 1986. How long

past 1986 they are needed is primarily a function of when the fifth orbiter is delivered.

The conclusion fiom this analysis is that some or all of the ELV's will be needed until the

fifth orbiter is delivered. Exactly which ELV's will I)e needed depends on which assump-

tions tttrn out to be valid, but it is possible that all current E1,V's will be needed.

As for the cost of an all STS fleet versus a mixed tleet (subissue 3), rids analysis con-

clusiveh' demonstrates that with more STS flights and correspondingly less EIN flights, the

tolal space transportalion cost to the U.S. Govermnent decreases, even when STS invest-

IIlCII| costs include more orhiters, facilities, production capability, and other related costs.

In addition, the unique capahilities of the Shuttle provide additional signiticant econom-
ic benefits to STS users.

A parametric analysis was conducted to determine how many orbiters were needed

and their need dates. Figure 1.1 assumes a nominal mission model and summarizes lhe

etfects o[ number of flights per year per orbiter and orbiter downtime.

[original placement of Figure 1.1 ] [ l 1] Combining all variables in a worst case resuhed in
a need date tot the fifth orhiter in 1986 and the sixth orbiter in It)90. Comt)ining all vari-
ahles into a hest case resulted in no need fin a tiflh or a sixth orbiter.

After determining that these sensitivity analyses resuhed in such a broad range of

need dates, a detailed evaluati()n was conducted to determine the most likely sel of para-

meters with whidl to define the c()nchlsions. The lktsk Team concluded that 8 flights per

year per orhiter, 50% equivalent downtime of one orbiter, and a 295 flight mission model

was the most likely set of conditions. LTsing thai set of conditions, the fifth orhiter is need-
ed in 1990 and the need [br the sixth orhiter is marginal. However, [or a slightly higher

orbiter downtime and/or slightly less flights per year per orhiter, the fifth orbiter is need-

ed in 1986. Cons|tiering the possibilities of a catastrophic loss of one of the orbiters, the

fifth orbiter is needed as soon as possible, and the sixtll orhiter in 1990.
For cases in which one orbiter is down 50% of the time or more, the economic assess-

nlent concludes that it is less expensive to purchase another orbiter to tly the shorttall in

the mission model fllan to purchase more EI.V's. That is, it is more econ,nnical to pul-

chase another orbiter rather than F.I,V's any tilne the demand is equivalem m 5(1% or

greater of one orbiter's cal)abilily.
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Sensitivity Assessment Results
295 Mission Model
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Darklined box nominal case: 50% downtime, 8 flights per year per orbiter

Figure I. 1

In summary, fi>r all cases and conditions evahmted, an alI-STS fleet is more cost effec-

tive than a combined STS and ELV fleet. More STS flights and correspondingly tess E1N

tlighls result in the least total launch costs. Consideri,_g all factors, the fifth orl)iter should

be available as soon as ])<>ssible aftcr 1986, and the sixth ()riffler should be delivered no

later than the 1990/1991 time [tame. Those availabilities will meet the present launch

rates with the most current Inissi()n model and still provide an adequate margin for

orbiter downtime. Ahhough the requirements arc n<)t as firm as thosc tot a tifth and sixth

orbiter, it is likely that a seventh orbiter will be needed in 1991.

Peripheral to assessing the mixed fleet, the desirability and practicality of commer-

cializing some <)r all of the EI:V tleel was considered. There is such a vast array of issues

that a recommen(-lati(>,_ could ]lOt l)e made in the alh)ted [sic] time of tiffs stttdy. However,

the consensus of the 'Iask "li'am was that the U.S. Government should encourage alld pro-

mole commercialization of ELV's and actively seek to resolve questions and issues posed
by interested commercial organizations.

PART C -- FUTURE L:kUNCH VEHICLE NEEDS ASSESSMENT

The pro'pose of this part of thc stttdy is to identify new humch vehicle needs <>ver and

at)ore the capability of the current NSTS.

Within the assessment guidelines and groundrules, the chief of which is a pr(!jeclion

of minimal growth of the NASA budget, a Space Shuttle fleet can support all the needs for

earth to orbit transportation fi)r the toreseeal)le tiHure. There is no clear Mentified

requirement for a hea_ T lift new or shutlh><lerived large capacity launch vehicle through

the late [ 12] 1990's. This conclusion could change if there is a rapi<l escalation <)f the

launch demand and/or the NASA hudgct. Needs tot redundancy would be th'iwm by

National Security considerations and were not addressed by NASA.
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There is a need fi)r a new high ener_' upper stage, compatible with the Space Shuttle

and future space-based operational concepts, capable of placing about 15,000 pounds of

mission payload into geostationary orbit from Cape Canaveral. To satisly the needs of the

commercial users and to compete with the Ariane, the new high energ 3' upper stage must

provide a low cost, economical delivery system and accommodate multiple payloads.

There can be considerable improvement in cost effectiveness and performance from

space-based operations of high ener_ _ upper stages by making up the Space Shuttle

orbiter load factor with propellanl and transferring the propellant to on-orbit storage.

This improvement could raise the effective payload orbited per year by 30-40%. It is

important that this high energy' upper stage have the capability for upgrading to a
manned, rensable vehicle.

Finally, the NASA Task Team determined that a need exists tor a small space trans-

portation system to provide local transportation operations within the general vicinity of

the orbiter. This local space transportation vehicle would be used for satellite placement

and retrieval operations associated with satellite services.

CONCLUSIONS

The NASA Space Policy Task Team has analyzed three key issues on the future of the

Space Transportation System. The issues were: (1) the National Space Transportation

System institutional placement assessment; (2) mixed tleet assessment; and (3) futule
launch vehicle needs assessment.

The Team concludes that the current NASA/DOD partnership is the most suitable

institutional arrangemen! tbr vnavmging and operating the National Space Transporlation

System. Secondly, the NSTS fleet shotdd consist of both expendable launch wrhicles and

reusable Space Shuttles until the capability of the STS is sufficient to pernfit the phaseout

of EIN's. Finally, future lannch vehicle needs should include development of a high ener-

gy' upper stage and a small, specialized vehicle to provide transportation within the gen-

eral vicinily of the orbitei:

Document 11-35

Document title: Chester Lee, Director, STS Operations, to Manager, Space Shuttle

Payload Integration and Development Program Office, Johnson Space Center, and
Manager, STS Projects Office, Kennedy Space Center, "Guidelines for Development of
the Flight Assignment Baseline," November 20, 1978

Source: Space Policy Institute, George Washington University, Washington, D.C.

As the first manned orbital Jlight (FMOF) _]the Space Shuttle approached, NASA began to develop a

.whedule (called a "maniJkst ")for when vm4ous payloads would fly aboard early Shuttle missions.

77ffs memorandum J_'om Director o]'$7"S" Operations Chester Lee set out the g_drtelines for establishing

that schedule; the two enclosures do not appear hew. The memo aL_o stated _%5:ISApolio_ Jor the pri-

m'itv to be assig_ed ![there were conflicts amon E candidate pa_'load,_ [or a partieulur mission. The_e

were several changes./?ore the Shuttle _ehedule set out I_' Lee. The 1'7_101"was delayed[ram September

1979 to ApTJl 1981. The (hhital Flight 7bst COl'T)program was shmtened ]Jom six to]hut[lights,

with the first opemtional flight occurrin/£ on ?_vember 11, 1982.

The Inertial U]rper Stage was a solid-Jueled system jot transJPrring pc(vload_ ]rom the Shuttle orbit to

uther od/ts. 0_c099 was the second Space Shuttle orbiter, named (2halleng_ 7"he Tracking and Data

Relay Satellite System (71)I¢_S) was a reaper early Shuttle payload. Galileo was a mission to orbit

Jupiter that was repeatedly delayed, .fi_t t_ problems with the spacecraft, then IO, the (Jhallentrer acci-

dent i1_.[an ua O' 1986. Galileo wa_ finally launched in October 1989.
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[ 1] NASA

National Aeronautics and

Space Administration

Washington, D.C.
20546

[stamped NOV 20 1978]

Reply to Attn of MOB-6

TO: Johnson Space Center

Atm: PA/Manager, Shuttle Payload Integration

and I)evelopment Program Office

Kennedy Space Center

Atm: SP/Manager, STS Projects Otfice

FROM: MO-6/l)irectoL STS Operations

SUBJECT: (;uidelines for Development of the Flight Assignment Baseline

REF: Memo fromJSC/Ia, nney to MO-6/Lee dated 10/25/78,

Subj: STS Flight Assignment Baseline

In response to the .|SC reference memo, I agree that it is extremely important that an

updated Flight A_ssignment Baseline be issued as soon as possible; however, some a(!just-

ments will be necessm T to the proposed guidelines and recommended inanitY'st accom-

panying the reterenced memo. The tollowing gtfidelincs should be followed during the

development of the next issue of the Flight _ssignment Baseline,

1. FMOF--September 28, 1979.

2. Six ()FF flights.

3. First Operational Flight (OV-102)--Februa D, 27, 1981.

4. Minimnm orbiter configuration change between flights; retain ener_, kits once
installed.

5. IUS ground turnaround capabilit)_60 calendar days.

6. OV-099 delive W to IC";C--September 1981.

7. TDRSS turnaround--launch centers to be separated by at least 90 calendar days with

at least 60 calendar days allowed between launch of TDR_B and Spacelab 1.

[2] 8. Plan Galileo on OV4)99 but retain capabili_ • to accommodate on OV-102. For
(;alileo performance assessment, see Code M memo entitled, "Reassessment of

Galileo Mission Performance [,]" dated November 17,1978.
9. SSME Performance:

a. 1(10/109 prior to September 1981

b. 109/109 September 1981 and subsequent flights.

10. Lighter weight ET available for (;alileo mission and subsequent flights.
a. Nominal ET weight reduction--4,000 lb.

b. Special tailoring available for critical perfl)rmancc missions (i.e., Galileo to
6,000 lbs. )

11. Shuttle performance calculations to include variable I, targeting where applicable
and an OMS loading fin a two sigma ET abort reserve on [abort-once-around] for

applicable missions.
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12. 3,000 lb. STS reserve based on tile September 1978 Shuttle Systems Weight and

Performance Report is to be used until filrther notification.

13. Shuttle capability based on latest official Shuttle program perfiwmance improvements

and weight reduction data (i.e., 700 lb. SRB weight reduction).

14. Select SRB configuration for nfaximum thrust with seasonal change.

The Level I payload launch requirements to be used for the baseline are indicated in

Enclosure 1. The general policy in regards to mission priorities is to accommodate user

requirements as close as possible on a first come, first served basis. In the even! of con-

tlicting requirements, the priorities to be fi)llowed are: (1) space programs requiring

urgent STS support to maintain national security mission capabilities; (2) significant

Science and Technology missions and/or missions with critical launch window con-

straints; (3) committed reimbursable missions; (4) routine Science and Technolog T and

late request missions; (5) space available requests.

[3] Within the above guidelines, the current mission priorities are as tblh)ws:

1. TI)RSS initiation (TDRS A and B)--An operational TDRSS is required by the STS in

order to initiate the NASA Spacelab program.

2. Spacelabs 1 and 2_Fhese are verification flights that should be accommodated as

soon as possible in order to establish an operational Spa((lab program. Spa((lab 1
should be flown as soon as feasible after TDRS A and B are operational, and Spacelab

2 as soon as practical after the (,alileo mission (m avoid Ihe weight penahy of the 5th

Crvo set if OV-102 is required 1or (;alileo).

3. (,alileo---This is an important planetm 7 mission with a critical launch window constraint.

4. After the above payloads are satisfied, the remaining payloads listed in Enclosure (!)

should be accommodated as indicated by the accompanying booking (late.

5. Payh)ads lisuxl without booking dates should then be accommodated in any relnain-

ing cargo space.

in view of a number of related decisions expected by the end of this year or early next }'can

1 believe that we should target the revised flight assignment baseline for early next year

(Janua W or FebruaLy 1979). This issue should address the tlights from ST_I to at least
through FY 1982, utilizing the enclosed mission sequence as a starting point..]S(i and I_SC

should accomplish the analyses, i.e., performance, weight, [control and guidance], Shuttle

configuration, launch window, turnaround times, mission compatibility, etc., to verfl}' dmt

the flight assignments are feasible, l would also like the next issue to indicate the accom-

modation of Small Self Contained Payloads (SSCP's) in the most efficient manner possible,

assuming we have available a structure that can be mounted across ttle bay and car W an

average o[ 12 SSCP's. Your analyses should also provide adequate information to

lh'adquarters to permit late [4] changes helot( publication. To this end, your recom-

mended tlighl assignments me to be submitled to tlea(tquarlers ti)r final review and

approval betore promulgation.

Chester M. I,ee

2 Enclosures

I. STS Operations Payload Manifest

2. Preliminary Flight Assignment Baseline
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Document 11-36

Document title: National Security Council, Senior Interagency Group (Space), "Issue
Paper on the Space Transportation System's (STS) Fifth Orbiter," late 1982.

Source: Ronald Reagan Presidential Library, Simi Valley, California.

The appropriate number of Spa(_ Shuttle orbiters to buiM was a persistent issue during lhe fim decade

of the pro ffram. 7he Reagan administration used the Senior lnterageno, (;roup (Space, known as)

SI(; (Space) of the National Securi(v Council as its top polio,-making body .�or space issues. SI(;

(Space) discussed the issue qf continuing Shuttle production in the context qf prepm_ng the fi._cal year

1984 budget. The wcommended option q] continuing to maintain Shuttle production capabili(_, by

building ",_tructural ._pare.s" was accepted; the existence qf those span<s made it possible to repla/e
Challenger more quickly than othe_vise would have been the case.

[11 NATIONAl, SECURITY COUNCIL

SENIOR INTERA(;EN(N (;ROUP (SPACE)

Issue Paper on the
Space Transportation System's (STS) Fifth Orbiter

ISSUE: Should Orbiter production capat)ility, in the form of the initiation of a fifth

Orbiter, be supported in the NASA FY 84 budget?

BACK(;ROUND:

In 1969, NASA adopted a program plan to develop a manned Space Transportation

System (STS) based largely on reuseable [sic] components; this system was conceived to
provide cost-efl'ectivc, routine, manned access to space. Economics and politics, as well as

technolo_,, werc all critical factors in Ihe decision process that led lo President Nixon's
approval of the STS development in 1972.

The nulnt)er of Orbiters in the STS tlcet required for responsivc and dependable opera-
tions has been the subject of intense scrutiny by NASA, Congress, and various

Administrations for most of the 1970's. Original planning envisioned a five-()rtfiter fleet.

The estimates of STS demand and the numbers of Orbiters to fltlfill demand have flllCtll-

ated through the life of the program. These fluctuations hawP led to a series of examina-
tions of fleet size.

In preparation for the FY 1977 budget, file Otlice of Management and Budget (OMB)
undertook a review of the STS mission model and examined llle need fin more Orbiters

than the two then on order. To support the OMB review, NASA and the DOD jointly
reviewed the requirements and issued a statement that five Orbiters were essential to meel

National requirements. The Ford Administration concurred with this assessment.

In 1977, the Carter Administration, again reviewed the question of Orbiter tleet size. The

resuh was that flmding for a restricted thin-Orbiter fleet wouht be requested by N_SA.
During subsequent consideration of the FY 78 budget, the Senate authorization slated

that: (1) a five-Orbiter fleet was an option which should be kept open; and that (2) inte,-
rul)ting production of Orbiters between the fourth and fifth Orbiter would have cost
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penalties. In February 1980, NASA testified before Congress that, due to slips in all parts

of the STS program, a delay in fifth-Orbiter funding until FY 1982 would probably not

cause substantial penalties. Subsequently, NASA's testimony in both the FY 82 and FY 83

budget hearings has underscored the need to maintain Orbiter production and the need

to commit to the fifth Orbiter as soon as possible.

[2] National Space Policy (NSDD-42,July 4, 1982) states:
• The United States is fully committed to maintaining world leadership in space

transportation with an STS capacity sufficient to meet appropriate National needs.

• The STS is the primary U.S. Government space launch system.
• The STS shall be available to authorized users---domestic and fi_reign, commer-

cial and government.

• The STS prograln requires sustained commitments by all affected departments

and agencies.

• Major changes to the STS program capabilities will require Presidential approval.

Space Assistance and Cooperation Policy (NSDD-50. August 6, 1982) states:
• U.S. space launch assistance will be available to interested countries, internation-

al organizations, or foreign lmsiness entities for those spacecraft projects which
are fur peacefifl purposes.

The fourth Orbiter is currently scheduled tbr December 1984 delivery. Unless a decision

is made to continue Orbiter production in FY 84, the production line base of facilities,

personnel, and major subcontractors will be closed down.

DISC! JSSION:

The decision for or against the fifth Orbiter is in reality a decision whether or not to trun-
cate the productioll program and, therefi_re, the system capability at a point which wilt
assure that, under the most favorable conditions, the maximtun flight rate will be limited

to approximately 26 flights pet year. The second equally important consideration is the

question of the loss of an Orbiter and, without a production base, can an operationally
viable and responsive system, capable uf absorbing prohlems and contingencies, he

assured to meet U.S. launch requirements?

[3] Demand & Capaci_'

Many projections of both launch demand and STS capacity have been made during the
past 10 years. Current projections of demand and capacity indicate that it is probable that
by 1988"launch demand will approximate the capacity of the fimt_()rbiter fleet, providing

tllere are no major operational problems reducing that capacity. The fact is, howew'r, that

5 to 15-year projections of demand in an environment as dynainic as space are nut reliable

enough to use as a major argument on this issue. Similarly, NASA's first five launches have

not pro_4ded an adequate data base to use for sound projections of capacity over the man-

ifest period. The fundamental question which must be "decided is: is it wise today to dis-

mantle the capability to produce and repair the key element of the primal' U.S.

(;overnment launch system?

This issue must be clearly faced by those government users who are beginning to develop

spacecraft compatible only with the Shuttle and to plan program operations dependent

upon the unique capabilities provided by the Shuttle. It must also be faced by commercial

and foreign Ilsers who have committed to use of this capability.
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Other Issues

Prematurely constraining the U.S. to a four-Orbiter flee! could erode confidence in the

STS as a viable, dependable approach to space transporlation. Foreign nations' percep-

tion of the U.S. as a questionable source of launch services may be reinforced; we must

offer them a service that is available and reliable to their needs as they, not we, perceive

them. Both U.S. and foreign commercial customers could also view the STS capacity as

inadequate to assure firm launch dates. The business communiIy is primarily concerned

with schedules; significant launch delays rapidly translate into large economic penalties.

Perception that the U.S. is turning away from its commitment to a flfllv exphfitable STS

could accelerate the transition of foreign and commercial customers fr_Jm STS planning
to other options.

Abandoning the reimbursable market would constitute an abrupt change in policy and
would place the entire burden of STS operations on the U.S. (,overnmenl. This will seri-

ously undermine the entire concept of a viable Shuttle based Space Transportation
System.

CONCLUSIONS:

National Space Policy commits the U.S. to maintain U.S. world leadership in space trans-
portation.

World leadership requires a strong, responsive, dependable and cost efliective STS opera-
tion.

National Space Policy mandates the STS be made available Io authorized commercial and
foreign users.

[4] The U.S. Government should not turn only to its own needs at this time and abandon

the commercial and foreign market, as this would constitute an abrupt change in policy
and be counter to U.S. interests as il would increase the costs to the U.S. Government

users. Any actions that resuh in increased STS operation costs to the U.S. Government
should be avoided.

Projected STS four Orbiter fleet capacity only marginally satisfies launch service demand

starting in about 1988 with little or no reserve. These 5-year projections of capability and
demand, however, are uncertain. " ;

A STS three-Orbiter tleet (loss of one Orbiter) does not satist_, launch service demand in
1988.

The U.S. Government should not abandon STS Orbiter and EIN production bases con-

currently as planned. Prudent and sound management requires maintaining Orbiter pro-
duction capabilily until STS fleet capacity and demand are better known.

A balanced, low-risk option shotdd be selected that preserves basic production capabili-
ties, assures maximmn insensitivity to errors in projecting system capabilities, as well as
demand, and yet retains the tlexibility to adopt new options when firm data is available.
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OPTIONS:

The SIG considered three options: (1) close-out Orbiter production capability after the
delivery of the fourth Orbiter (December 1984); (2) maintain Orbiter production capa-

bilitv t{ir all additional 1 to 2 years by manufacturing selected structural parts and major
stru{-tural a_ssemblies; and (3) continue lull Orbiter production leading to delive D' of the

fifth Orbiter in late 1988.

Close-Out Orbiter Production Capability

Shuks down the production line and tooling for fabricating all m_tjor structural assem-

blies (i.e., wings, filselage, tail, etc.).

The cost (in millions of FY 84 dollars) is:

FS' 84 FY 85 FY 86 FY 87 Total

$ 65 $ 85 $ 40 $ 40 $230

PRO--Avoids costs of $1.6B thr{}ugh FY 89.

CON--Limits the Space Shuttle fleet to a maximum capacity of about 26 flights per

year through at least 1992. (lf one Orbiter is lost, capability is reduced 25 percent.)
Increases lead time to delivery,' for a replacement Orbiter to 6 to 8 years from startup.

Costs to restart production line and deliver a filth unit will be substantially higher

(perhaps 20-30%). U.S.jobs tot approximately 6,000 direct production people will be
lost in FY 84 and a total of about 45,000 jobs over 6 years.

[5] II. Maintain Orbiter Production Capability

This option maintains the t}rodnction capacity of selected structural parts and major
structttral assemblies for an additional 1 to 2 years (depending on the element)

beyond the normal close-down of the fourth Orbiter. The selected structural part.s are

th{ise most likely to be damaged in handling incidents or landing accidents (rudder,

elevons, speed brake, landing gear, landing gear doors). The major structural assem-
blies are the wings, engine compartment, crew modtde, including the nose and cock-

pit. the mid and aft fuselage sections, payload doors, vertical tail, etc. The cost (in

millions of FY 84 dollars) is:

_'Y 84 FY 85 FY 86 FY 87 TOTAl.

$91)-110 $100-120 $90-115 $60-90 $350-435

PRO

Capacity to fabricate and repair major structural assemblies is maintained. The deci-
sion to assemble and complete the fifth Orbiter can be postponed 1 to 2 years until

uncertainties concerning the "inherent" capacity of a four-Orbiter fleet and the far

term demand for launch services are better understood. Should an additional Orbiter

not be required, the cost savings can be significant (about $1.0B) depending upon the
time of the decision. The delivered major structtual assemblies, if not assembled into

an Orl)iter, are valuable insurance assets f{}r m_j{lr repairs. If a fifth Ort)iter is

required, the lead time tiom start t{) {lelivel 3' is reduced about 1 t{} 2 years.
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CON

Does not increase STS reserve capacity and instill connnercial and foreign confidence

in the resilience of the system. Critical skills to integrate, install, assemble and test all

Orbiter _411 be lost. Total cost of the fifth Orbiter, if ordered, will be higher and could
not be delivered before about 199(i.

III. Continue Full Orbiter Production

All elements of production are continued through the delive_ <)f the fifth Orbiter in
late 1988.

The cost (in millions of FY 84 dollars) is:

1%784 FY 85 FY 86 FY 87 IW 88 FY 89 TOTAL

$200 $325 $350 $350 $320 $ 50 $1,595

[6] PRO

Hedges against program uncertainties by bringing on-line reserve capacity at the ear-

liest time and the lowest cost. The production base is available to respond to major

repairs and structural maintenance needs. If experience shows the Orbiter is not

required, unassembled components are valuable spares.

CON

Uncertainty in STS capacity and demand prevent conclusively establishing the need

for a tifth ()riffler. These uncertainties should first be resolved belore coinmitting to
another Orbiter.

POSITIONS OF THE SI(, (SPACE) MEMBEKSttlP

The Senior Interagency Group (Space) met on December 3 to consider NASA's request
to continue Orbiter production with the start of the fifth Orbiter in FY 84. Provided below

are the stated positions of the voting members and observers.

Option Selected
DOD 2 or 3

[Joint Chiefs of Staff] 2 or 3

NASA 2 or 3

[Central Intelligence Agency] 2
Commerce 3

State 2

[Arms Control and Disarmament Agency] 3
OMB 2

OSTP 2

In summary, there were tat) votes fi)r Option I. All members felt that, as a minimum, tim

production line should be maintained (Option II) if only as a hedge against the uncer-

tainties in STS capacity and demand. The Department of Commerce urged NASA to con-

tinue evaluation of possibilities tor commercial tunding of the fifih Orbiter.

RECOMMENDATION

Option I1 (maintain Orbiter production capability) is recommended tor approval. This
option is judged to be in the best ovtwall interest of the United States. h satisfies the main
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concerns of tile majority of tile SIG (Space) members most affected by the decision (i.e.,

terminating total U.S. space launch production capaci_') and preserves the option tot fitll

production of a fifth Orbiter at a fi_ture date should optimistic estimates of demand actu-

ally materialize. It also preserves the capability [7] to repair and replace major compo-
nents of a Shuttle Orbiter thal might be damaged in an accident or other unfavorable

event. Furthermore, tile marginal difference in cost betnveen Options I and 1I (approxi-

inalely $230 Million versus $400 Million over the FY 84-87 period) is.judged to be worth

tile significant gain to the Nation.

Document 11-37

Document title: James C. Fletcher, Consultant, Memorandum to AI Lovelace, "Personal

Concern about the Launch Phase of Space Shuttle," July 7, 1977.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

l;ven qfier he left his position as NASA administrator after President.]immy was inaugurated, .[ame._
Fletcher served as an occasional consultant to top NASA management. In this memorandum to NASA

lkeput+¢ Administratm Al Lovelace, Fletcher raises some issues troubling him about whether theTe was

enouLih attention being paid t*v experienced individuals to issues related to the Space Shuttle as a
launch vehicle, as tvntrasted to an orbiting spacecraft. The "Bob" mentioned at the end t_ the mem-
orandum wa._ new NASA Administrator Robert A. l<'rosch; Walt Williams mentioned in the [int line

was at ]ohnson Space Center

[ 1] FYES ONIX

July 7, 1977

MEMORANDUM TO AL LOVEIACE

SUBIECT: Personal Concern about the Launch l'hase ot+Space Shttttle

As l have mentioned to you (and Walt Williams) several times previously, l am still

concerned atlout the reliabili_' of the Space Shuttle during the launch phase, i.e., flom

just betore lift-oil until the shuttle is in orbit. To illustrate the concern, perhaps a simple
reminder of the stalistics would be helpful. Thor-l)eltas have a reliability of about 95%,

Atlas Centaurs probably less, Titan llI's about the stone, and there isn't enough data on
Titan Centaurs. I don't have the recent data on Minuteman and Polaris hut they are much

simpler launch vehicles than Thor, Atlas and Titan. Even Nike Hercules isn't much belier
than 97%. We are aiming at 99% or better on the shuttle.

The Saturn's had a remarkable success record although admittedly the sample was small.

lhmtsville had the experience of three decades working as a team beti)re Satnrn's were

launched. During the Thor/Jnpiter c()mpetition, it was my impression that Jupiter bad a bet-
ter success record even though the Thor team (Dougl;ts, Rocketdyne, AC Spark Plug and

TRW Systems (STL) [Space Technology Ltborauwies] ) was usually behind and learned from

.Jupiter's experience. At TRW we knew Huntsville had the expertise but felt that because of
tile Armv's "arsenal" concept, the}' would be slow in getting Jupiter into production. This
turned out to t)e tile case and because of this and other reasons, only Thor sm_fved.

The Saturn launch vehicle was more complk:ated than any of its predecessors and at

least the leadership at Huntsville knew it (Wernher wm Braun, Ernst Stuhlinger,
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Ebet'hardtReesand,I believe,RoccoPetrone).Somehow[2]alltheirpastexperienceand
agreatdealofteamettbrt(eachmembertrustingtileother,nooneafraidtoadmitamis-
take,norealgamblestakenand,aboveall,anenornmusamountofhardwork)madetile
Saturnasuperblaunchvehicle.Somewouldcallit "luck"butthoseofusfamiliarwiththe
Htmtsvilleteamknewbettm:

MyveWgreatconcernisthat no one at NASA that I know of is looking at the Space

Shuttle as a launch vehicle! That is perhaps an exaggeration because someone on Bob

Thompson's staff" (loaned by Huntsville, I believe) is probably now designated as "Mr.
Lannch Phase" but I haven't met him and I don't know how he interfaces with Bob and

with Huntsville. I,et's hope, in my ignorance, that I've misjudged the difficulty of the prob-
lem. Regardless of this, I'm certain that it is still true that Hunts_411e from Bill Lucas on

down, does not Del it has the same responsibility for the Shuttle (during the launch

phase) that it had for Saturn. In fact, Bob Thompson and Chris Kraft feel this is Houston's

responsibility just as the orbit phase and the re-entt T phase are also their responsibility.

Let's, then, take a look at the people involved in Shuttle development. John Yardlev

a brilliant engineer, has had vast experience wit-h Space Vehicles starting with Mercury

and especially Gemini. Betore that it was with airplanes. Mike Malkin is a physicist with

electronics background but no rocket experience. I was unable to isolate anyone on

John's staff who had had rocket (i.e., latmch vehicle) experience except those transferred

over from [the Office of Space Science] (Joe Mahon's group) and these latter had had

oversi tg_ (i.e., staff) background, not _ background.

Bob Thompson, Chris KJaft, Aaron Cohen and most of the others at Houston (of

course, I don't know al_!lof them) have had backgrounds similar to.lohn's. Dale Myers,

Jolm's predecessor, and George Low also had similar backgrounds. In fact George often

remarked that when it came to launch vehicles--especially Saturn--he pret_' well left that

up to Huntsville. (George was perhaps overly modest [3] because when we had problems

with stress corrosion on the Saturn 1B's used with Skylab and Apollo-Soyuz, George was
able to locate the apl_ropriate people to deal with the. problem and soh,e it. Most of them
were from Htmlsville, however, or outside of NASA.)

Who, then, ave the "experts" on launch vehicles nowadays? Besides Huntsville, you

could probably include Wah Willialns and l)erhaps some at (;odtlard and Lewis, but I

doubt if any of these are design, development or test engineers. I'm not really sure--Walt
would know..&s t_u-as I know, there are none at Rockwell. There are some at Martin-

l)enver, (;en¢'fal [)ynamics and [McDonnell Douglas Astronautics Company] (West

Coast) bttt I'm under the impression that these had intensive oversight initially from TRW

Systems (S'I'I,) and later from Aerospace Corporation. There are, of course, systems engi-

neers at TWVV and Aerospace who have had launch vehicle backgrounds.

N,)ne of these have built anything as complex as the Saturn; and the Sbt,ttle, because

of its unusual configurati(m, is probably much more complicated than the Saturn! Why

doesn't space vehicle experience or aircraft experience help during the launch phase? It

may but the design problems are entirely different--you can't expect workarounds dtn-

ing the launch phase--there simply isn't enough time. Yet that's how unreliability prob-

lelns are dealt with in aircraft and space vehicles ("manned" especially). You simulate

them on the ground, then you flight test and when there are problems you fix them on
the next test. You can't do this with launch vehicles--at least not with men aboard. All

fixes must be automatic, in real time, in a matter of seconds which pretty well excludes any

help from the ground. There was much discussion about this in the Air Force in the early
5()'s and tllat's why STI, was set up--to convert "aircraft" engineers into "rocket" engineers

by putting an outside group of "systems engineers" in charge of what they called "Systems

Engineering and Technical Direction." (;raduatly, aircraft companies learned how to

huild rockets. In my opinion the real strength of STL came from JPL [Jet Propulsion

Laborat,wy] (I_ouis 1)unn, Frank l.ehan and others) and thmtsville (Dolph Thiel-Thor)
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andsomeotherswithguidedmissilebackgrotmd(myselfandothersfromHughes
Aircraft,BellLabs,etc.).[4]JPL,atthattime,hadtheprincipal"American-born"ballistic
missileexpertsandtheywerepioneersin earlysmallerweapons(V2testing,WAC
Corporal,CorporalandSergeant).JPLandHnmsvilleput up thefirstU.S.satellite,
ExplorerI.

Whatdoesallthismean,otherthanan"old-timer"sayinghowthingsusedtobe?In
simpleterms,if thestate-ofthe-arthasdevelopedrapidlysinceearlySaturndayssothat
launchvehiclescanbedesignedandtested"scientifically,"i.e.,withouttheintuitiveback-
groundthatateamlearnsonlybytrial-and-error,myconcernsshouldbeignored.

If, in fact,thestate-of-the-arthasnotdevelopedsomuch(andI'mafraidI'mnota
goodjudgeofthis having been away from it so long), NASA may have a problem. If I were

alone in this concern, I'd probably not even bring up the subject. However, Rocco Petrone

brought it up several times and our unresponsiveness inay have contributed to his leaving.
Wernher was concertled wherl we first announced Houston as the lead center. George

Mueller (Dale Myers' predecessor) was tiwious with me over that decision and still believes
we made a mistake. Bill Lucas and Dick Smith have individually expressed themselves to

(;eorge l.ow and to me but, of course, they can't be regarded as unbiased, l.ately, both

have been "good soldiers" and I believe have tried veo' hard to cooperate with both John

_ardley and with Houston. Sam Phillips, who ran both Apollo and Minuteman, was neu-

tral; tie said "any organization could be made to work."

When you put ;111this brag-winded background together, what does it add up to? I'm
afraid I don't have a good answer. I simply had to unload it on you partly to clear nay con-

science and partly to help make you especially cautious as you approach the [First

Manned Orbital Flight] date. I have suggested a quiet review which you did make, but only

Wah Williams in that review group had launch vehicle background. Eberhardt, Knrt

Debus, Ernst Stuldinger and perhaps some TRW Systems types might be hell)tiff. I'm

afraid Lockheed or Boeing [5] wouldn't be much help since Polaris and Minuteman are

so much simpler in evm T respect than the Shuttle.

AnDvay, the problem is yours and Bob's now. I intend to say no more about it.

,lames C. Fletcher
(_onsultan t

Document 11-38

Document title: President Ronald Reagan, Executive Order 12546, "Presidential

Commission on the Space Shutde Challenger Accident," February 3, 1986.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

In the aftermath oJ the ApoUo l accident in flmuar." 190 Z NASA organized its own inve_tigatim_ of

the cause,_ oJthe accident and the step,_ needed to correct them. After the Challenger accid,'nt, how-

eveg with ,M4,S'A headed by an acti_g administrator with close White House ties, l%_ident RonaM

t?,eagran created a lSe_ide_tial Commission on the Space Shuttb, Challenger Accident m_ I+bruary

6, 1986. This commission was chaired t_'./m'mer ,_ecrelat_)J of State William RolCer:_and became known

as the Hog_ (;ommi._siom
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[l] EXE(:UTIVE ORDER

Presidential Commission on the

Space Shuttle ChaUengerAccident

By tile authority vested in me as President by the Constitution and statutes of the
United Slates of America, including the Federal Adviso_ 7 Committee Act, as amended

(5 U.S.(:. App. I), and in order m establish a conmlission of dislinguished Americans m

investigate the accident to the Space Shuttle ChallenlZe_; i! is hereby ordered as [bllows:

Section 1. Establishment. (a) There is eslablished l|le Presidential (]ommission on file

Space Shuttle Challenger Accident. The (:ommission shall be composed of not more than

20 members appointed or designated by the President. The members shall be drawn

among distinguished leaders of the government, and tile scienlific, technical, and man-
agement commtmities.

(b) The President shall designate a Chairman and a Vice Chairman tiom among the
members of the Commission.

Sec. _.. Ftmction_. (a) The (:ommission shall investigale tile accident to the Space

Shuttle Challenger, which occurred on ]anual y 28, 1986.
(b) The Commission shalh

( 1) Review tile circumslances surrounding lhe acciden! lo establish tile probable
catlse or Callses of the accidelH; i).nd

(2) Develop recommendalions t_)r corrective or other aclion based upon the
Commission tindings and determinations.

(c) The (_ommissiotl shall submil its final repot! lo lhe President and the

Adminislramr of.the Nalional Aeronaulics and Space Administralion within one hundred

and twenty days of the date of this Order.

Sec. 3. Administration. (a) The heads of Executive departments and agencies shall, to
the extent permitted by law, provide the Commission with such inf()rmalion as it may

require for ptlrposes ()f carD, ing out its timclions.

(b) Members of the Commission shall serve wifllout compensation for their worry on

the (:ommission. Howew_h members appointed fix)m among private citizens o|lhe United

Slates may he allowed lravel expenses, including per diem in lieu of sul)siswnce, to tile

extent permitted by law for persons serving internfittently in tile govertmlent service
(5 U.S.C. 5701-5707).

(c) To the extent permitted by la+_; and subject to the availability of appropriations,

the Administrator of the National Aeronattlics and Space Administration shall provide tile

(:ommission with sttch administrative services, lhnds, facilities, staff, and ()tiler support

services as may t)e necessary for the [)erformance of ils [nnctions.

Sec. 4. General Provisions. (a) Notwithstanding the provisions t)f"any other Executive

OrdeL lhe fimclions of the President under the Federal Adviso o' (:ommittee Acl which

are applicable to the (:ommission, except that of reporting annually to tile Congress, shall

be perfi)rmed by the Administrator ()f the National Aeronautics and Space Adminislralion
in acc<)rdance with guidelines and l)rocedures established by tile Administrator t)l
General Services.
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(b)The(;ommission shall terminate 60 days after submitting its final report.

RONALD REAGAN

THE WHITE HOUSE

Fehrua D' 3, 1986.

Document 11-39

Document title: Presidential Commission on the Space Shuttle Challenger Accident,

"Report at a Glance," June 6, 1986.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

After four months of intense investigation, the Rogers Comrnission issued its final report, ident![ying

schedule ]_ressu_e and failures in communication as major nontechnical factors contributing to the
accident. It aLw m:ornrnending a number oJ changes in NASA organization and procedures to reme-

dy problems made visible I_' the Challenger accident. The commission included Jorrner well-known

astnmauts Sally K. Ride and Neil A. Armstrong (who was vice chairman), as well as legendary test

pib,t ('buck Yeuger 7'lds "Report at a (;lunce" is a ._3nop_is o]excerpts /mrn the final report.

Report to the President

By The
PRESIDENTIAl.

COMM ISS1ON

on the Space Shuttle

( ;h alien get A cciden t

Report at a Glance

[no page number] Presidential Commission

on the

Space Shuttle Challenger Accident

June 6,1986

Dear Mr. President:

On behalf of the Commission, it is my privilege to present tire report of tire

Presidential Commission on the Space Shuttle Challenger Accident.

Since being sworn in on Februmw 6, 1986, the Commission has been able to condne!

a comprehensive investigation of tire Challenger accident. This report documents our

findings and makes recommendations for your consideration.

Our objective has been not only to prevent any recurrence of the faihne related to
this accident, but to tire extent possible to reduce other risks in future ilights. However,

the Commission did not construe its mandate to reqnire a detailed evahration of the

entire Shuttle system. It fidly recognizes that the risk associated with space flight cannot

be totally eliminated.
Each member of the Commission shared the pain and anguish the nation feh al Ihe

loss of seven braw: :Mnericans in the Challenger accident on Janum T 28, 1986.
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Thenation'stasknowistomoveaheadtoretnrntosafespaceflighlandtoilsrecoW
nized position of leadership in space. There could be no more fitting tribute to tile

Challenger crew than to do so.

Sincerely,

William R Rogers
(3hairman

The President of the United States

The White House

Washington, D.C. 2050(t...

[no page nnmber] Preface

Tile accident of Space Shuttle Challenger, mission 51-I,, interrupting for a time one

of the most productive engineering, scientific and explorat(n T programs in histo_',

ew)ked a wide range of deeply felt public responses. There was grief and sadness for the
loss of seven brave members of the crew; firm national resolve that those men and women

be tbrever enshrined in tile annals of American heroes, and a determination, based on

that resolve and in their memm T, to strengthen the Space Shuttle program so thai dlis

tragic event will become a milestone on the way to achie_fing the fitll potential that space
offers to mankind.

The President, who was moved and troubled by this accident in avm T personal way,

appointed an independent Commission made up of persons not connected wifll the mis-

sion to investigate it. The mandate of the Commission was to:

1. Review the circumstances snrroundmg the accident to establish the probable

cause or causes of the accident; and

2. Develop recommendations for corrective or other action based upon tile
Commission's findings and determinations.

Immediately after being appointed, tile Commission moved forward with its investi-

gation and, with the full support of the White House, held public hearings dealing with

the facts leading up to the accident. In a closed society other options are available; in an

open society--unless classified matters are involved---other options are not, either as mat-

ter of law or as a practical matter.

In this case a vigorous investigation and lull disclosure of the facts were necessary. The

way to deal with a ta.ilnre of this magnitude is to disclose all tile facts fnlly and openly; to

take immediate steps to correct mistakes that led to the failure; and to continue the pro-

gram with renewed confidence and determination.
The Commission construed its mandate somewhat broadly to include recommenda-

tions on safely matters not necessarily involved in this accident but which require atten-

tion to make future flights safer. Careful attention was given to cotrcerns expressed by

astronauts because the Space Shuttle program will only succeed if the highly qualified

men and women who fly the Shuttle have confidence in the system.

However, tile Commission did not constrne its mandate to require a detailed investi-

gation of all aspects of tire Space Shuttle program; to review budgetau' matters; or to intm_

fete wilh or supersede Congress in any way in the performance of its duties. Rather, the

Commission fi)cused its attention on the safety aspects of fttttlre flights based on the

lessons learned from tire investigation with the objective being to return to sat> tlight.
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Congress recognized tile desirability, in tile first instance, of having a single investiga-

tion of this national tragedy. It vely responsibly agreed Io await the Conunission's findings

belore deciding what turther action mighl Re necessat T 1o carry out its responsibilities.

For the first several days after the accident--possibly because of the trauma resuhing

from the accident--NASA appeared to be withholding infinmalion about [he accident

from lhe public. After the Commission began its work, and at its suggestion, NASA began

releasing a greal deal of information that helped to rcassnre Ihe public that all aspects of

thc accident wcrc being investigated and that the full slory was being told in an orderly

and thorough manner.

Following the suggestion of the Commission, NASA established several teains of per-

sons not involved in the mission 51-1, launch process to support the Comnfission and its

panels. These NASA teams have cooperated with the (]ommission in every aspect of its

work. The resnh has been a comprehensive and complete investigation.
The Commission believes that its investigation and report have been responsive to the

reqtLest of tire President and hopes that they will serve the hest interests of tire nation in

restoring the United States space program to its preeminent positi<m in the world.

[no page number] Chapter HI

The Accident

just after liftoH at .678 seconds into the tlight, photographic data show a strong putt"

of gray smoke was spurting from the vicinity of the aft field join/on the right Solid Rocket

Booster. The two pad 39B cameras that would have recorded the precise local|on of the
putt" were inoperative. (_omputer graphic analysis of tilm from other cameras indicaled

lhe initial smoke came from the 270 to 310-degree sector of the circtnntk'rence of the all
field joint of the right Solid Rocket Booster. This area of the solid hoosier faces lhe

External Tank. The vaporized material streaming from the joint indicated there was nol

complete sealing action within the joint.

Eight more distinctive puffs of increasingly blacker sinoke were recorded between

.836 and 2.50(} seconds. The smoke appeared to putt upwards from the joint. While each

smoke pull was being let* behind by the upward tlight of the Shuttle, the next fiesh puff

could be seen near the level of the joint. The muhiple smoke puffs in this seqnenct,

occurred at about four times per second, approxiinating the frequency of the strnctural

load dynamics and resuhant joint ,flexing. Computer graphics applied m NASA photos

from a variety ot cameras in this sequence again placed the smoke puffs' origin in lhc

270- io 31(Mlegree sector of the original smoke spnrl.

As the Shuttle increased its upward velocity, it tlew past the emerging and expanding

smoke pntts. The last smoke was seen above lhe tieldjoinl at 2.7"t3 seconds.

The black color and dense composition of the smoke putts suggest that the grease,

joint insnlation and rub,l)er O-rings in the joint seal were being ,burned and e,oded by the

ho! propellant gases.

At approximately "47 seconds, Challenger encountered the tirst of several ,lfigh-
ahitttde wind shear conditions, which lasted until about 64 seconds. The wind shear cre-

ated fi>Ices on the vehicle with relatively large t,luctuations. These were immediately

sensed and counte,ed by the guidance, navigation and control system.

The steering system (thrust vector control) of tim Solid Rocket goosler responded Io

all commands and wind shear effects. The wind shear caused Ihe steering syslem to be

more active than on any previous flight.

Both the Shuttle main engines and the solid rockets operated m reduced thrust

approaching and passing through the area o,i maximum dynanfic pressure of 720 pounds

per sqnare t{)ol. Main engines had been throttled up to 1(14 ])ercen! lhrns! and !|re Solid
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RocketBoosterswereincreasingtheirthrustwhenthefirstflickeringflameappearedoll
tilerightSolidRocketBoosterin theareaoftheaftfieldjoint.Thisfirstw_Q+smallflame
wasdetectedonimageenhancedfihnat58.788secondsintothe tlight. It appeared to orig-

inate at about 305 degrees itroltnd the booster cirCtllnli:'rence at or near the aft tield.joint.

One fihn frame later from the same camera, the flame was visible without image

enhancement. It grew into a continuotts, well-defined plume at 5%262 seconds. At about

the same time (60 seconds), telemet W showed a pressure differential between the cham-

ber pressures in the right and left boosters. The right booster chamber pressure was lowen

confirming the growing leak in the area <)[ The field.joint.

As the flame phune increased in size, it was deflected rearward by the aerodynamic

slipstream and circumferentially by tile t)rotruding smlcttu+e of the upper ring attaching

the hooster to the External Tank. These deflections directed the flame plume onto the

surface of the External Tank. This sequence of tlame spreading is confirmed by analysis

of the recovered wreckage. The growing tlame also impinged on the strut attaching the
Solid Rocket Booster to the External _I]mk.

The first visual indication l[lat swirling t]aIne from the right Solid Rocket Booster

breached the External Tank was at 64.660 seconds when there was an abrupt change in

the shape and color of the plume. This indicaled that it was mixing with leaking hydro-

gen from the External Tank. Telemetered changes in the hydrogen tank pressurization
[no page number] contirmed the leak. Within 45 milliseconds of the breach of the

External Tank, a bright sustained glow developed on the black-tiled underside of the

Challenger between it and the External Tank.

Beginning at about 72 seconds, a series of events o(('tlrred exmmmly rapidly that ter-

minated the tlight. "Ik'lemetered data indicate a wide variety of flight system actions thai

support the visual evidence of the photos as the Shuttle struggled futilely against the

torces that were destroying it.

At about 72.20 seconds the lower slrtlt linking the Solid Rocket Booster and the

External _l:ank was severed or pulled away from the weakened hydrogen tank l)ermitting the

right Solid Rocket Booster to rotate around the upper attachment strut. This rotation is indi-

cated by divergent yaw and pitch rates between the left and right Solid Rocket Boosters.

At 73.124 seconds, a circumferential white vapor pattern was ot)served I)h)oining from

the side of the External Tank bottom dome. This was the beginning of the structural fail-

tire of the hydrogen tank that cuhninated in the entire aft dome dropping away. This

released massive alnot,nts of liquid hydrogen fronl the tank and created a sudden forward

thrust of about 2.8 million pounds, pushing the hydrogen tank upwaM into the intertank

structure. At about Ihe same time, the rotating right Solid Rocket Booster impacted Ihe

intertank structure and the lower part of the liquid oxygen tank. These structures failed

at 73.137 seconds as evidenced by the white vapors appearing in the intertank region.

Within milliseconds there w;ts macssive, almost explosive, hurning of the hydrogen stream-

ing from the t:ailed tank bottom and the liquid oxygen breach in the area of the intertank.

At this point in its trit.ieclt_ry , while traveling at a Mach nnmber of 1.92 at au altitude

of 46,000 [i'et, the (_hallenger was totally enveloped in the explosive burn. The

Challenger's reaction control system rul)tured and a hypcrgolic burn of its propellants

occurred as il exited the oxygen-hydrogen flames. The reddish brown colors of the hyper-

golic fllel burn are visible on the edge of the main fireball. The Orbiter, under severe aero-

dynamic loads, broke into several large sections which emerged from the fireball.

Separate sections that can be identified on film inclu(le the main engine/tail section with

the engines still burning, one wing of lhe Orhiten and the tbrward fttselage trailing a mass

of umbilical lines pulled loose from the payload hay.
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[no page munber] STS 51-L Sequence of Major Events

Mission Time

(GMT, in

hr:min:sec) Event

16:37:53.444

37:53.564

37:53.684

38:00.010

38:00.018

38:00.260

38:00.688

38:00.846

38:02.743

38:03.385

38:04.349

38:05.684

38:07.734

38:19.869

38:21.134

38:35.389

38:37.000

38:51.870

38:58.798

38:59.010

38:59.272

38:59.763

39:00.014
(3.} 00.248

39:00.258

39:(}0.998

39:01.734

39:02.094

39:02.414

39:02.494

39:(}3.934

39:03.974

39:04.670

39 :(}4.715

39:04.947

39:05.174

Elapsed
Time

ME-3 Ignition Command -6.566
ME-2 Ignition Command -6.446

ME-I Ignition Command -6.326

SRM Ignition Command (T=O) 0.000

Holddown Post 2 PIC tiring 0.008
First Continuous Vertical Motion 0.250

Confirmed smoke above field .joint
on RH SRM 0.678

Eight puffs of smoke (from 0.836 thru
2.500 sec MET) 0.836

Last positive evidence (}f smoke above

right aft SRB/ET attach ring 2.733

Last positive visual indication of smoke 3.375
SSME 104% Command 4.339

RH SRM pressure 11.8 psi above nominal 5.674
Roll maneuver initiated 7.724

SSME 94% Command 19.859

Roll maneuver completed 21.124
SSME 65% Command 35.379

Roll and Yaw Attitude Response to Wind

(36.990 to 62.990 sec) 36.99(}
SSME 104% Command 51.860

First evidence of flame on RH SRM 58.788

Reconstructed Max Q (720 psf) 59.000

Continuous well defined plume on RH SRM 59.262
Flame tiom RH SRM in +Z direction

(seen from south side ot vehicle) 59.753

RM pressure divergence (RH vs. Ltt) 6(}.004

First evidence of plume deflection, intermittent 60.238

First evidence of SRB plume auaching

to ET ring fiame 60.248

Firs! evidence of plume detlection, continuous 60.988

Peak roll rate response to wind 61.724

Peak "I_,'C response to wind 62.084

Peak yaw rate response to wind 62.404

RH outboard elevon actuator hinge

inoment spike 62.484
RH outboard elevon actuator delta

pressure change 63.924

Start of planned pitch rate maneuver 63.964

Change in anomalous phnne shape (LH:,

tank leak near 2058 ring frame) 64.660

Bright suslaine{I glow on sides ot ET 64.7{}5

Start SSME gimbal angle large pitch variations 64.937

Beginning of transient motion due to

changes in aero forces due to l}hnne 65.164

Source

GPC

(;PC

GPC

GPC

E8 ('amera

E9 Camera

E60 Camera

E63 Camera

CZR-1 Camera

E60 Camera

E41M2076D

B47P2302C

V90R5301 C

E41M2076D

V9(}R5301 C
E41M2076D

V95H352nC

E41M20761)

E2{}7 Can]era

BET
E207 Camera

E204 Camera

B47P2302
E207 Camera

E203 Camera
E207 Camera

V9(}R5301 (;

B58H 115(1(:

V90R5341C

V58P0966( 2

V58P0966(2

V90R5321 ( 2

E204 Can]era

E204 Camera

V58tt 1100A

Vg0R5321 (2
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MissionTime Elapsed
(GM'Lill Time
hr:min:sec) Event

39:05.534I,Houthoardelevonactuatordelta
pressurechange 65.524

39:06.774StartETI,H 2 ullage pressure deviations 66.764

39:12.214 Start divergent yaw rates (RH vs. I,H SRB) 72.204

[no page number]

39:12,294 Start divergent pitch rates (RH vs. lJI SRB) 72.284

39:12.488 SRB major high-rate actuator command 72.478

39:12.507 SSME roll gimbal rates 5 deg/sec 72.497

39:12,535 Vehicle max +Y lateral acceleration (+.227 g) 72.525

39:12.574 SRB major high-rate actuator motion 72.564

39:12.574 Start of I-t_ tank pressure decrease with 2 flow

control valves open 72.564

39:12.634 Last state vector downlinked 72.624

39:12.974 Start of sharp MPS LOX inlet pressure drop 72.964

39:13.020 Last full computer fiame of TORS dala 73.010

39:13.054 Start of sharp MPS IM_ inlet pressure drop 73.044

39:13.(/55 Vehicle max -Y lateral acceleration (-.254 g) 73.045
39:13.134 Circumferential white pattern on ET aft

dome (Ltl,_, tank failure) 73.124

39:13.134 RH SRM pressure 19 psi lower than I,H SRM 73.124

39:13. t47 First hint of vapor at intertank 73.137

39:13.153 All engine systems slart responding to loss

of fuel and LOX inlet pressme 73.143
39:13.172 Sudden cloud along ET between intertank

and aft dome 73.162

39:13.201 Flash between Orbiter and I,I-.lu tank 73.191

39:13.221 SSME telemetry data interference flom
73.21 t to 73.303 73.211

3q: 13.223 Flash near SRB flvd attach and brightening
of flash between Ort)iter and ET 73.213

39:13.292 First indication intense white flash at

SRB [_vd attach point 73.282

39:13.337 (;really increased inlensity of white tlash 73.327

39:13.387 Start R(:S.jet chamber pressure
fluctuations 73.377

39:13.393 All engines approaching HPVI" discharge

lelllp rcdline limits 73.383

39:13.492 ME-2 HPFT disch, ternp Chart. A vote
for shutdown; '2 strikes on (:han. B 73.482

39:13.492 ME-2 controller last time word update 73.482

39:13.513 MF-3 in shutdown due to HPFT discharge

temperature rc(tline exceedance 73.503

39:13.513 ME-3 controller last lime word update 73.503

39:13.533 ME-1 in shutdown due to HPFF discharge

teml)eratur(" re(tline exceedance 73.523

39:13.553 ME-1 last telemetered data point 73.543

39:13.628 l,ast validated ()rbiter telemetry measurement 73.618

Source

V58P0866C

T41P 1700C

V90R2528C

V90R2525C

V79H2111A

V58HI 100A

V98AI581C

B58HII51C

T41P1700C

Data reduction

V41 PI330C
Data reduction

V41PI 100( ;

VqSA1581C

E204 Camera

B47P2302C

E207 Camera

SSME team

E207 Camera

E204 Camera

E204 Camera

E204 Camera

E2(14 (:amcra

V42P 1552A

E41Tn010D

MEC data

ME(; data

ME(; tiara

ME(', data

Calculation

(:alculation

V46P012(_A
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Mission Time

((;MT, in

hr:nlin:sec)

39:13.641

39:14.140

39:14.597

39:16.447

39:50.260

39:5(I. 262

_Eve n t

End of last reconstructed data frame with

valid synchronization and frame count
I,ast radio frequency signal fronl Orbiter

Bright flash in vicinity of Orbiter nose

RIt SRB nose cap sep/chute deployment
RH SRB RSS destruct

LH SRB RSS destruct

Elapsed
Tilne

73.631

74.130

74.587

76.437

110.250

110.252

Source

Data reduction

Data reduction

E204 Camera

E207 Camera

E202 Camera

E230 Camera

[no page number]
ACT POS - Actuator Position

AP U -

BET

C1t -

DISC -

ET

(;(;

(;PC

(;MT -

1IPVF -

LH

1,1t 2

I _0,

MAX Q -
ME

MEC

MET

MPS

PC -

PIC

psf
R( :S -
R(;A -

RH

RSS

SRM

SSME -

TEMP -
TV(_

Auxilliary [sic] Power Unit

Best Estimated Tra.jectm 7
Chart nel

Discharge
External Tank

Gas (;enerator

General Purpose Computer
(;rccnwich Mean Time

High Pressure Fuel Turbopmnp
l,efthand

Liquid I tydrogen

lAquid Oxygen (same as LOX)

Maximum Dynamic Pressure
Main Engine (same as SSME)

Main Engine Controller

Mission Elapsed Time

Main Propulsion System
('hanlher Pressure

Pwotechnics Intitiamr [sic] Controller

Pounds per square Ibm

Reaction Control System

Rate GyIo Assembly

Righthand

Range Safety System
Solid Rocket Motor

Space Shuttle Main Engine

Temperature
Thrust Vector Control

ANGULAR COORDINATE SYSI_rLM
FOR SOHD ROCKET BOOSTER.S

N()TE: The Shuttle coordinate system used in Chapter 3 is relative to the Orbiter, as tollows:

+X direction = torward (tail to nose)

-X direction = rearward (nose to tail)

+Y direction - right (toward the right wing tip)
-Y direction = left (toward the Icft wing tip)

+Z direction = down

-Z direction =ttp
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[no page number] Chapter IV

The Cause of the Accident

The consensus of tile (;onmlission and participating investigative agencies is thai the
loss of the Space Shuttle Challenger was caused by a lath|re in tile joint between the two

lower segments of tile right Solid Rocket Moron The specitic taihue was tile destruction

of tile seals that are intended to prevent hot gases fiom leaking through the joint during

the propellant burn of the rocket inoton The evittence assenlhled I)y tile Commissioll indi-

cates that no other element of the Space Shuttle system contriht|led to this failure.
In arriving at this conch|sion, the Conunission reviewed in detail all available dala,

reports and records; directed alld supervised lllllllerOllS lesls, analyses, and experiments

by NASA, civilian contractors and various government age|lcies; and then developed spe-

cific [allure scenarios and the range (1t nlost probable causalivc Factors.

Findings

I. A comhustion gas leak through the righl Solid Rockel Motor aft field joint inilialett at

or shortly after ignition evenlually weakene(l and/or penetrated the External Tank

initialing vehicle structural 1)reakup and loss of the Space Shtlltle (_hallenger during
STS Mission 51-1,

2. The evidencc shows that no other STS 51-I_ Shuttle ele,nent or Ihe payload con-

tributed to the causes of the right Solid Rockel Molor aft field joinl combustion gas
leak. Sal:)otage was not a factor.

3. Evidence examined in tile review of Space Shuttle inalerial, manutacturing, assembly

quality conlrol, and processing of nonconformance reports limnd no flight hardware

shil)ped to lhe lattnch site that fell oulside the limits t)f Shttltle design specifications.

4. Latmch silt, activities, including assembly and preparation, from receipt of the [lighl

hardware to launch were generally in accord with established procedures and were
not considered atactor in lilt: accident.

5. Launch silt" records show that lhe right Solid Rocket Motor seg|nents were assemhled

using al_proved procedures. However, signiticant oul-ol:round conditions existed

between the two segmentsjoine(t al the right Solid Rocket Molor aft tieldjoinl (lilt"
joint that tailed).

it. While lhe assenll)ly conditions had tile potenlial of generating debris or daInage thai
could cat|se O-ring seal fhilure, these were nol considered t:actors in this accident.

b. The dianleters t)[' tilt" two Solid Rocket Motor segnwnts had grown as a result of
prior use.

c. The growth resuhed in a condition at time of launch wherein the maximunl gap

hetweell the tallg and clevis in the region of the joint's O-rings was no more Ihan

.008 inches and lhe average gap wot),ld have been .004 inches.

tl. With a tang-to-clevis gap of .004 inches, the O-ring in lilt' jtfinl would be toni-

pressed to lilt! extent Ihal it pressed against all three walls of tile O-ring relai|ling
channel.

e. The lack of roundness of lhe seglllelllS was Sllt'h ihal the smallest tang-lo-clevis
clearance occurred at tile initiation of the assembly operation at positions of

120 degrees anti 300 degrees arollnd the circunllt+rellce of lhe aft tieldjoint, h is

uncertain it this tight condition and the resuhant grt+aler conlpression of lilt'

()-rings ;1t these points persisted to tilt" lilne ()f launch.

[no t)age number]

6. The ;unl)ienl leml)erature at tinle of hlunch was 3(i degrees Fahre|flleit, or 15 degrees
I()wer 111;111 lilt' lleXl coldest [)reviotls latlllth.
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a. Thc temperature at the 300 degree position on the right aft field joint circum-

[erence was estimated to be 28 degrees +_5 degrees Fahrenheit. This was tile cold-

est point on tile joint.

h. Temperature on the opposite side of the right Solid Rocket Booster facing the sun

was estimated to be about 50 degrees Fahrenheit.

7. Other joints on the left and right Solid Rocket Boosters experienccd similar combi-

nations of tang-to-clevis gap clearance and temperature. It is not known whether these

joints experienced distress during the flight of 51-L.

8. Ext)erimental evidence indicates thai due to several effects associated with the Soli<l

Rocket Booster's ignition and combustion pressures and associated vehicle ntolions,

the gap between the tang and the clevis will open as much as .017 and .029 inches at

the seconda W and primao' O-rings, respectively.

a. This opening begins upon ignition, reaches its maximum rate of opening at

about 200-300 milliseconds, and is essentially complete at 600 milliseconds when

the Solid Rocket Booster reaches its operating pressure.

b. The External Tank and right Solid Rocket Booster are connected by several strut:s,

including one at 310 degrees near the aft field joint that failed. This strut's effect

on the joint dynamics is to enhance the opening of the gap between the tang and

clevis hy about 10-20 percent in the region of 300-320 degrees.

9. O-ring resiliency is directly related Io its temperature.
a. A w;trm O-ring that has been compressed will return to its original shape much

quicker than will a cold O-ring when compression is relieved. Thus, a warm

O-ring will follow the opening of the rang-to-clevis gap. A cold O-ring may not.

t/. A compressed O-ring at 75 degrees Fahrenheit is five times more responsive in

returning to its uncompressed shape than a cold O-ring at 30 degrees Fahrenheit.

c. ._s a result it is probable that the O-rings in the right solid booster aft field joint

were not following the opening of the gap between the tang and clevis at time of

ignition.

10. Experiments indicate that the primal 7 mechanisnt that actuates O-ring sealing is the

application of gas pressure to the npstream (high-pressure) side of the O-ring as it sits

in its groove or channel.

a. For this pressure actuation to work most etl_'clively, a space hetween the O-ring

atnd its upslream channel wall shoul(t exist during pressurization.

h. A lanb_to-clevis gap of .004 inches, as probahly existed in the t_dled joint, wonld

have initially contpressed the O-ring to the degree tl,at no clearance existed

between the O-ring and its upstream channel wall and the other lwo surtaces of
Ihe channel.

(. At tilt" cold launch temperature experienced, the ()-ring would he very slow in

returning to its normal rounded shape. It would not follow the opening of the

tang-m-clevis gap. It would remain in its compressed position in the O-ring chan-

nel amd not provide a space hetween itself and the upstream channel wall. 'I'hus,

i[ is probable the O-ring would not hc pressure aclttated to seal the gap in lime to

prechldejoint failure due to hlow-t)y and erosion from hot combustion gases.

11. The sealing characteristics of tile Solid Rocket Booster ()-rings are enhanced by time-

ly application of motor pressure.

a. Ideally, motor pressure should be applied to actuatc the O-ring and seal the.joinl

prior to significant opening of the tang-lo-clevis gap (100 to 200 milliseconds after

motor ignition).

h. Experinwnlal evidence indicates thai temperature, humidity and other variables

in Ihe putty coHiponnd used to seal tim joint can delay pressure application lo the

joint by 500 milliseconds or more.
c. This (telav in pressure could he it factor in initial joint t_tilure.
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[no page nmnber]

12. Of 21 launches with ambient temperatnres of 61 degrees Fahrenheit or greatm, only

four showed signs of O-ring thermal distress; i.e., erosion or blow-by and soot. Each of

the launches below 61 degrees Fahrenheit resulted in one or more O-rings showing
signs of thermal dist,'ess.

a. Of these improper joint sealing actions, one-half occurred in the aft field.joints,

20 percent in the center tield.joinls, and 30 percent in the upper field joints. The

division hetween left and right Solid Rockter [sic] Boosters was roughly equal.

b. Each instance of thermal ()-ring distress was accompanied hy a leak path in the

insulating putty. The leak path connects the rocket's combustion chamber with

the ()-ring region of the tang and clevis.Joints that actuated without incident may
also have had these leak paths.

13. There is a possibility that there was water in the clevis of the STS 51-I, joints since

water was found in the ST&g joints during a destack operation after exposure to less

rainfall than STS 51-L. At time of launch, it was cold enough that water present in the

.joint would freeze. Tests show that ice in the joint can inhibil proper secondao, seal
pertbrmance.

14. A series of putts of smoke were obsel+ved emanating from tim 51-L aft tieldjoint area
of the right Solid Rocket Booster between 0.678 and 2.500 seconds after ignition of
the Shultle Solid Rocket Motors.

a. The puffs appeared at a frequency of ahoul three puffs per second. This roughly
matches/he natural structural frequency of the solids at lift offand is reflected in

slight cyclic changes of the tang-to-clevis gap opening.

b. The puftis were seen to be moving upward along lhe surtace of the hoosier above
the aft field joint.

c. The sm<>ke was estimated to originate at a circumt_!rential position of between

270 degrees and 315 degrees on the booster :tit field joint, emerging from the top
of the joint.

15. This smoke trom the aft field joint at Shuttle lift oti was the first sign <>t"the ta.ilure of
the Solid Rocket Booster O-ring seals on STS 5 I-L.

16. The leak was again clearly evident as a tlame at approximately 58 seconds into the
tlight. It is possible tlmt the leak was conlintlotls t)HI tmobservable or non-existent in

portions of the intervening period. It is possible in either case that thrust vectoring
and normal vehicle response to wind shear as well as planned maneuvers reinitiated

or magnified the leakage fi-om a degraded seal in the period preceding tile observed

tlames. The estimated position of the tlante, centered at a point 307 degrees around

lilt! circumference of tile aft field joint, was confirnled by the recovm T of two fiag-
ments of the right Solid Rocket Boostm;

a. A small leak could have been present that may have grown u) breach the joint in
flame at a time on the order of 58 to 60 seconds after lift oil.

b. Alternatively, the O-ring gap could have been resealed by deposition of a fragile

buildup of alumintml oxide and other combustion debris. This resealed section

of the,i<)int <ould have been ¢lismrbed by thrust vectoring, Space Shuttle nlolion
and tlight l<>ads induced by changing win(Is aloft.

c. The winds alof! caused control actions in tile tinte interval of 32 seconds t(> 62 sec-

on(Is into the tlighl thai were typical of the largest values exl)erienced on previ-
ous missions.

Conclusion

In view o]' the /bMinl4,, the Commission eonclu<led that the cause c?[ the Challenger accident
was the fi6lum O/the pressure wal in the a/t field joint o[the gght Solid Rocket Motto: The taihne
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was due to a fattlty design unacceptably sensitive to a number of f+lctors. These factors

were the eftccts of tempe:am:e, physical dimensions, tile character of materials, the

effects of reusability, processing, and Ihe reaction of the joint 1o dynamic loading.

[no page nt, mber l Chapter V

The Contributing Cause of the Accident

The decision to lannch the Challenger was llawed. Those who made that decision

were unaware of the recent history of problems concerning the O-rings and the joint and
were unaware of the initial written recommendation of the contractor advising against the

launch at temperatures below 53 degrees Fahrenheit and the continuing opposition of

tile engineers at Thiokol after the management reversed its position. They did not have a

clear understanding of Rockwell's concern that it was not safe to latmch because of ice on

tile pad. If the decisionmakers had known all of the facts, it is highly unlikely that they

wotfld have decided to hmnch 51-1. onJanuary 28, 1986.

Findings

1, The Commission cotwluded thai there was it serious flaw in tile decision making

process leading up to tile launch of flight 51-I.. A well structtned and managed system

emphasizing sati'ly would have flagged tile rising doubts about the Solid Rocket Booster

joint seal. ttad these matters been clearly slated and emphasized in the [light readiness

process in terms rellecting Ihe views of most of the Thiokol engineers and at least some
of the Marshall engineers, it scents likely that tile launch of 51-1, might not have occurred

when it did.

2. The waiving <>f launch constraints appears to havc been at fllc cxpcnse o[ tlight

salt'ty, There was no system which made it imperative that launch constraints and waivers

of launch constraints he considered by all levels of management.

3. The Commission is troubh_d by what appears to be a propensity of management at

Marshall to contain pt>tentially serious prohlems alld to attelnpt tt) resoh,e lhem internally
rather than com]nunicate them torward. This tendency is ahogether at odds with the need

tot Marshall to timction as part of a system working toward successltfl llight missions, inter-

facing and connnunicating with the other parts of tile systent that work to tile same end.
4. Tile Commission concluded that the Thiokol Management rew'rsed ils position

and recommended the launch of 51-L, at tile urging of Marshall and eomrary to the views

of its engineers m order to accommodate a Inaior custonler.

Findings

The (;ommission is concerned about three aspects of the ice-on-the-pa<l issue.

1. An analysis of all of tile testimony and interviews establishes that Rockwell's rec-

ommendation tm launch was amhiguotls. The Conmtission thtds it dil+iicult, as did Mr.

[Arnold] Aldrich, to conchute that there was a no-launch rect>mmendation. MoreoveL all

parties were asked specifically to contact Aldrich or Moore about launch objections due

to weather. Rockwell made no phone calls or further ol_jeclions to Mdrich or other NASA

officials alter the 9:00 Mission Management Team meeting and subsequent to the rcsmnp-

lit>It of the countdown.

2. The Commission is also concerned ahout the NASA response to lilt: Rockwell

position at Ihe 9:(10 a.m. meeting. While it is understood that| decisions have to be made

in lamwhing a Shuule, the Commission is not ctmvinced lxvels l and lI appropriately con-
sidered Rockwell's concern ahout the ice. However ambiguous Rockwelt's position was, it
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isclearthatthe),didtellNASAthattheicewasanunknowncondition.(,iventileextent
of tileiceontilepad.... tileadmittedunknowneffect of tile Solid Rocket Motor and

Space Shuttle Main Engines ignition on the ice, as well as tile fact that debris striking the

Orbiter was a potential flight [no page number] safety hazard, the Commission tinds the

decision to launch questionable trader those circumstances. In this situation, NASA

appeared to be requiring a contractor to prove that it was not safe to launch, rather than

proving it was safe. Nevertheless, the (;omnfission has determined that tile ice was not a

cause of the 51-L accident anti does not conclude that NASA's decision to launch specifi-

call?,, ovcrrode a no-launch recommendation by an element contractor.

3. The Conunission concluded that the ti'eeze protection plan for launch pad 39B

was inadequate. The Commission believes that the severe cold and presence of so much

ice on the |ixed service structure made it inadvisable to launch on the morning of

January 28, and that margins of safety were whiuled down tot) far.

Additionally, access to the crew emergency slide wire baskets was hazardous due to ice

conditions. Had the crew been required to evacuate the Orbiter on the lmmch l)ad, they
would have been running on an icy surtace. The Comnfission believes the crew should

have been made aware of the situation, and based on the seriousness of the condition,

greater consideration should have been given to delaying tile latmch.

Chapter _'7

An Accident Rooted in History

Early Design

Tile Space Shuule's Solid Rocket Booster prohlem began with the faulty design of its

joint and increased as both NASA and contractor management |irst failed to recognize it

as a problem, then failed to fix it and finally trealed it as an acceptable flight risk.

Morton Thiokol, Inc., the contractor, did not accept the implication of lesls early in
the program that the (tesign had a serious and unanticipated flaw. NASA did not accept the

judgment of its engineers that the design was tmacccptahle, and as the joint problems grew

in nUlnber and severity NASA minimized dwm in management brielings and reports.

Thiokol's staled posilion was that "the condition ix not desirable t)151 ix acceptable."

Neither Thiokol nor NASA expected Ihe rttbt)er O-rings sealing the joints to be

touched by hot gases of motor ignition, nluch less to be partially burned. I ]owever, as lesls

and then tlights confirmed damage to the sealing rings, the reaction by both NASA and

Thiokol was to increase the amount of damage considered "acceptable." At no time did

management eifller recommend a redesign of the joint or call tot the Shuttle's ground-

ing tmtil the problem was solved.

Findings

The genesis of the Challenger accident--the taihue of the joint of the right Solid

Rocket Motol_began with decisions made in the design of the joint and in the failure by
both Thiokol and NASA's Solid Rocket Booster pr(_ject of lice to understand and respond

to facts obtained during testing.

The (]ommission has concluded that neither Thiokol nor NASA responded atte-

quately to internal warnings about the tauhy seal design. Furthermore, Thiokol and NASA

(lid not make a timely attempt to develop and verity+ a new seal after the initial design was

shown to he deticient. Neither organization developed a solution to the unexpected

<)ccurrences of O-ring erosion and blow-by even though this problem was experienced fre-

quently (luring the Shuttle flight histol)', his|cart, Thiokol and NASA management came
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to accept erosion and hlow-by as unavoidable and an acceptable flight risk. Specifically,
the Commission has fbund that:

I. The joint test and certification program was inadequate. There was no require-

ment to configure the qualifications test motor as it would be in flight, and the

motors were static tested in a horizontal position, not in the vertical flight position.

[no page number]
2. Prior to the accident, neither NASA nor Thiokol fiflly understood the mechanism

hy which the joint sealing action took place.

3. NASA and Thiokol accepted escalating risk apparently because they "got away

with it last time." As Commissioner Feynman observed, the decision utaking was:
"a kind of Russian roulette .... [The Shuttle] flies [with O-ring erosion] and

nothing happens. Then it is suggested, therefi>re, that the risk is no longer so

high tor the next flights. We can lower our standards a little bit because we

got away with it last time .... You got away with it, hut it shouldn't be done

over and over again like that."
4. N,.LSA's system for uacking attontalies for Flight Readiness Reviews t_tiled in that,

despite a history of persistent ()-ring erosion and blow-by, flight was still permitted.

It t_tiled again in the slrallge sequence of six consecutive launch eoustraint waivers

prior to 51-1,, permitting it to fly without any record of a waiver, or even of an explic-

it constraint. Tracking and continuing only anomalies that are "outside the data

base" of prior flight allowed major problems to be removed fi-om, and lost by, the

reporting system.

5. The O-ring erosion history presented to l_evel I at NASA lteadquarters in August

1985 was sufficiently detailed to require corrective action prior to the next flight.

6. A careful analysis of the flight histo D' of O-ring performance would have revealed

the correlation of O-ring dalnage and low temperature. Neither NASA nor

Thiokol carried out such an analysis; consequently, they were unprepared to

properly evaluate the risks of launching the 51-L mission in conditi<ms more

extreme than they had encountered before.

Chapter 17t

The Silent Safety Program

The (_omrnission was surprised to realize after many hours of testimony that NASA's

saft'ty staff was never mentioned. N<> witness related the approval or disapproval of the

reliability engineers, attd none expressed the satisfaction or dissatistaction of the quality

asstlr_lrlce stall. No one thought to invite a safety representative or a reliability and quali-

ty assurance engineer to the Jantmry 27, 1986, teleconference [)t!tweetl Marshall and
Thiokol. Similarly, there was no representative of safety on the Mission Management Team

that made key decisions during the countdown on,January 28, 1986. The Comnfissiotl is

concerned about the syntptoms that it sees.

The unrelenting pressure to meet the demands of an accelerating flight schedule

might haw" hecn adequately handled hv NASA if it had insisted upon the exactingly thor-

ough procedures that were its h,tlhnark during the Apollo program. An extensive aiid

re¢lttndanl salk_ty prograln comprising ivflerdeperldent sal_'ty, reliahility and qu:-tlity assur-

ance timctions existed during and after the Itmar program to discover any potential safe-

ty prohlelns. Between that period and 1(.)8{), however" the program became inefli_ctive.
This loss of ellectiveness seriously degraded the checks and t)alallces essential tor main-

taining flight safety.
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[no page number] On April 3, 1986, Arnold Aldrich, the Space Shuttle program manag-

er, appeared before the Commission at a public hearing in Washington, D.C. tte

described five different communication or organization failures that affected the launch

decision onJanua D' 28, 1986. Fore of those faihnes relate directly to faults within the safe-

ty program. These faults include a lack of problem reporting requirements, inadequate

trend analysis, misrepresentation of criticality and lack of inw)lvement ira critical discus-

sions. A properly staffed, supported, and rot)ust satiety organization might well have avoid-
ed these fhults and thus eliminated the commmlication failures.

NASA has a safety program to ensure that the conmnnlication [ailmes to which Mr.

Aldrich reR'rred do not occur. In tile case of mission 51-1.. that program fell short.

Findings

1. Reductions in the satkely, reliability and quality assurance work force at Marshall

and NASA Headquarters have seriously limited capability in those vital flmctions.

2. Organizational structures at Kennedy and Marshall have placed satet),, reliability

and quality assurance offices under the supervision of the ve_' organizations and

activities whose efforts they are to check.

3. Problenl reporting requirements arc not concise and fail to get critical infbrma-

tion to the proper levels of management.

4. Little or no trend analysis was perfi)rmed on O-ring erosion and blow-by prob-

lems. ,As the tlight rate increased, Ill(' Marshall safety, reliability and quality assur-

ance work fi)rce was decreasing, which adversely affected mission safety.

5. Five weeks after the 51-L accident, the criticality of the Solid Rocket Motor field

joint was still not l)roperly documented in the problenl reporting system at

Marshall.

Chapter _'TH

Pressures on the System

With the 1(.)82 completion of tire orbital flight test series, NASA began a planned

acceleration of the Space Shuttle launch schedule. One early plan contemplated an even-
tual rate of a mission a week, but realism forced several downward revisions. In 1985,

NASA published a prqjeetion calling fi)r all annual rate of 24 flights by 1990. Long before

tile Challenger accident, however, it was becoming obvious/hat even the modified goal of

two tlights a month was overambitious.

In establishing the schedule, NASA had not provided adequate resources tot its attain-

ment. As a rcsuh, tile capabilities of the system were strained by the modest nine-mission

rate of 1985, and the evidence suggests that NASA would not have been able to accomplish

tire 15 tlighus scheduled tot 1986. These are the nlajor conchlsions of a Commission exam-
inatitm of the pressures and problems attendant upon the accelerated launch scheduh,.

[no page nunrbe.] Findings

1. The capabilities of the system were str(qched Io tilt: limil to support the tlighl rate

in winter 1985/1986. Projections irrto the spring and smmner of 1986 showed a oh'at

trend; the system, as it existed, would have been tmable to deliver crew training soflware

ti)r scheduled flights by the designated dates. The resuh would have been an mmcceplable

compression of the time availabh' ti)r tile crews to accomplish their required training.

2. Spare paris are in critically short supply. The Shuttle program made a conscious

decision to postpone spare paris ])rocurements in favor of budget items of perceived high-
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erpriority.Lackofsparepartswouldlikelyhavelimitedflightoperationsin 1986.
3.Statedmanil;estingpoliciesarenotenlorced.Nmnerouslatemanifestchanges

(aftertilecargointegrationreview)havebeenmadetobothmajorpayloadsandminor
payloadsthroughouttheShuttleprogram.

• Latechangestomajorpayloadsorprogramrequirementscanrequireextensive
resources(money,manpower,facilities)toimplement.

• Ifmanylatechangesto"minor"payloadsoccur,resourcesarequicklyabsorbed.
• Payloadspecialistsfiequentlywereaddedtoaflightwellafterannounceddeadlines.
• Latechangestoanfissionadverselyatlectthetraininganddevelopmentof pro-

cedurestbrsubsequentmissions.
4.Thescheduledtligh!ratedidnotaccuratelyreflectthecapabilitiesandresources.
• Thellight ratewasnotreducedto acconnnodate periods of adjustment in the

capacity of the work torte. There was no margin in the system to accommodate

untoreseen hardware prohlems.

• Resources were primarily directed toward supporting the flights and thus not

enough were awtilable to improve and expand facilities needed to support a

higher flight rate.

5. Training simulators lnay he the limiting factor on the flight rate: the two current
simuhuors cannot train crews tbr more than 12-15 flights per year.

6. When tlights come in rapid succession, current requirements do not ensure that

critical anomalies occurring during one flight are identified and addressed appropriately

betore the next flight.

Chapter IX

Other Safety Considerations

In the course of its invesligati<m, the Connnission became aware of a number of mat-

ters that played no part in the mission 51-1_ accident but nonetheless hold a potential for

safety problems in the future.
Some of these matters, those involving operational concerns, were brought directly to

the Conunission's attention by the NASA astronaut office. They were the suhject of a spe-

cial hearing.
Other areas of concern came to light as the Commission pursued various lines of

investigation in its attempt to isolate the cause of the accident. These inquiries examined

such aspects as the development and operation of each of the elements of the Space
Shuttle--the Orbiter, its main engines and the External Tank; the procedures elnployed

in the processing and assembly of 5 l-L, and launch damage.

[no page number] This chapter examines potential risks in two general areas. The first

embraces critical aspects of a Shuttle flight; for example, considerations related to a pos-

sible premature mission termination during the ascent phase and the risk factors con-

nected with the demanding approach and landing phase. The other focuses on testing,

processing and assembling the wuious elmnents of the Shuttle.

Ascent: A Critical Phase

The events of tlighl 51-L dramatically illustrated the dangers of the first stage of a

Space Shuttle ascent. The accident also tocnsed attention on the issues of Orbiter ahort

capabilities and crew escape. Of particular concern to the Commission are the current

abort capabilities, options to improve those capabilities, options for crew escape and the

performance of the range safety system.
It is not the Commission's intent to second-guess the Space Shuttle design or try to

depict escape provisions that might have saved the 51-L crew. In tact, the events that led
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to desuuction of the Challenger progressed vety *apidly and without warning. Under those

circumstances, the Commission believes it is highly unlikely that any of the systems dis-

cnssed below, or any combination of those syslenls, would have saved tim tlight 5 I-L crew.

Findings

1. The Space Shuule System was not designed to survive a [ailnre of the Solid Rocket
Boosters. _I'|lel'C are no correclive actions that caII be taken if the boosters do nol operate

properly after ignition, i.e., there is no ability to separate an Orbiter safely fl-om thrusting
boosters and no ability [br tile crew to escape the vehicle dnring first-stage ascent.

• Neither the Mission Control 1"earn nor tile 51-1+ crew had ally warning of impend-
tug disaster

• Even if there had been warning, there were no actions available to the crew or the
Mission Control Team to avert tile disaster.

Landing: Another Critical Phase

The consequences of faulty pertiH-nuuwe ill any dymunic and demanding tlight envi-

ronment call be catastrophic. The Commission was concerned that an insutticient sate W

margin may have existed in areas other than Shuttle ascent. EllIly, and landing of the

Shuttle are dynamic and demanding with all the risks and complications inherenl in t]y-

ing a hcaxT_veight glider with avm T sleep glide path. Since the Shuttle crew cannot divert

to any ahernale landing site after enltT, the landing decision must be both timely and

acetic;re. In addition, the landing gear, which includes wheels, tires and brakes, nltlsl fnl)c-

lion properly.

In stmunary, ahhough there are valid programmatic reasons to land rontinely at

Kennedy, there are COllcerllS thai suggest thai this is IlOt wise under the present circnm-

stances. While planned landings at Edwards carry a cost ill dollars and (lays, the realities

of weather C;I.IIll¢)I be ignored. Shuttle program officials must recognize that Edwards is a

permanent, essential i)art of the program. The cost associated with regulan scheduh'd

landing and llnn:.-tlOnlld o[)el-;lliOllS al E(hvaMs is thus a necessary program cost.

l)ecisions governing Space Shuttle operations must be consistent with the philosophy

that nnnecessat T risks have to be eliminated. Such decisions cannot be made without a

clear understanding of nuugins of sa[>ly in each part of the s},stem.

Untortunately, margins of sal>ty cannot be assured if performance characteristics are

not thoroughly understood, nor can tile)' be deduced flom a previous flight's "success."

The Shuttle l)rograln cannot attord to operate outside its experience ill the areas of

tires, brakes, and weaflmr, with the capabilities of the system today. Pending a clear under-

standing of all landing and (teceleration systems, and a resolution of the l)rol)lenls

eneounterecl to date ill Shuttle landings, the lnosI ccmservalive course lllnsl be Iollowed

in order to minimize risk during this dynamic phase of flight.

[no page munt)er] Shuttle Elements

The Space Shuttle Main Engine teams at Marshall and Rocketdyne have developed

engines that have achiew'd their perforn]ance goals and have pertormed extremely well.

Nevertheless the main engines continue to be highly complex and critical com|)otlents o1
the Shuttle thai iuvolve an element of risk principally because important conlponents of

the engines degrade more rapidly with tlight use t]lall ant|oil)areal. Both NASA and

Rockeldvne have laken steps to contain thai risk. An important asl)ect of the main engine

])rogram has been the extensive "hot fire" gtottnd lesls, l.Tnfoi-ltmalely, the vitality of the

test program has l:,een reduced because of httdgetary (<restraints.
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The number of engine test firings per month has decreased over the past two years.

Yet this test program has not yet demonstrated the limits of engine operation parameters

or included tests over the fllll operating envelope to show fllll engine capability. In addi-

tion, tests have not yet been deliherately ¢onducted to tile point of tailure to determine

actual engine oI)erating margins.

[no page nmnber] Recommendations

The Commission has conducted an extensive investigation of the Challenger accident

to determine tile probable cause and necessatw corrective actions. Based on the tindings

and determinations of its investigation, the (]ommission has unanimously adopted rec-

ommendations to help assure the return to safe flight.

Tile Commission urges that the Administrator of NASA submit, one year from now, a

report to die President on the in-ogress that NASA has made in effecting tile
(:onnnission's recommetldations set forth below:

--i--

Design. The [aul_" Solid Rocket Motor joint and seal must be changed. This could be a

new design eliminating the joint or a redesign of the current joint and seal. No design

options should be prematurely precluded because of schedule, cost or reliance on exist-
ing hardware. ,MI Solid Rocket Motor joints should satis_ the following requirements:

• The joints should be filly understood, tested and verified.

• The integrity of the structure and of the seals of all joints should be not less than that

of the case walls throughout the design envelope.

• The integrity of the joints should he insensitive to:
- Dimensional tolerances.

- Dansportation and handling.

- Assembly procedures.

- Inspection and test procedures.
- Environlnental ettt'cts.

- Internal case operating pressure.

- Recover' and reuse elleels.

- Flight and water impact loads.

• The certification of the new design should include:

- Tests which duplicate the actual launch contiguration as closely as possible.

- l>sts over the fldl range of operating conditions, including temperature.

• Full consideration should be given to conducting static tirings of tile exact flight con-

figuration in a vertical attitude.

Independent Oversight. The Administrator of NASA should request the National

Research Council to torm an independent Solid Rocket Motor design oversight COlnmit-

tee Io implement the Commission's design recommendations and oversee the design
eflort. This cotmnittee shottld:

• Review and evaluate certification requirements.

• Prmide technical oversight of tile design, lCsl program and certilication.

• Reporl to the Administrator of NASA on the adequacy of the design and make appro-

priate 1-ec(Hl Illlell datic, n s.
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[no page number] II

Shuttle Management Structure. The Shuttle Program Structure should be reviewed. The

project managers for tile various elements of the Shuttle program felt more accountable

to their center management than to the Shuttle program organization. Shuttle element

funding, work package definition, and vital program information frequently bypass the
National STS (Shuttle) Program Manager.

A redefinition of the Program Manager's responsibility is essential. This redefinition

should give the Program Manager the requisite authority fi)r all ongoing STS operations.

Program flmding and all Shuttle Prograln work at the centers should be placed clearly

under the Program Manager's authority.

Astronauts in Management. The Conmfission observes that there appears to be a depar-
ture from the philosophy of the 1960s and 1970s relating to the use of astronauts in man-

agement positions. These individuals brought to their positions flight experience and a

keen appreciation of operations and flight safety.

• NA_S'A should encourage the transition of qualified astronauts into agency manage-
ment positions.

• The [hnction of the Flight Crew Operations director should be elevated in the NASA
organization structure.

Shuttle Safety Panel. NASA should establish an STS SMety Adxiso_y Panel reporting to the STS

Program Manager. The charter of this panel should include Shuttle operational issues, launch

commit criteria, flight rules, flight readiness and risk management. The panel should include

representation liom the saf_,ty organizatitm, mission operations, and the astronaut office.

-- lII --

Criticality Review and Hazard Analysis. NASA and the prima D, Shuttle contractors should

review all Criticality 1, I R, 2, and 2R items and hazard analyses. This review should iden-

tif}' those items that must be improved prior to flight to ensure nfission success and flight

saffety. An Audit Panel, appointed by the National Research Council, should yetiS, the ade-

quacy of the effort and report directly to the Administrator of NASA.

--IV--

Safety Organization. NASA should estahlish an ()l-lice of Sat_qx; Reliahili_ _and Qnality Assurance
to be headed by an Associate Adlninistrator, re_rting directly to the NASA Administrator. It
would have direct authority for _deD', reliabiliD', and qnality _ssuvance throughout the agenQ:

The ottice should he :tssigned the work torce to ensure adequate ovelsight of its functions and

shottld be independent of other N._'Z,A flmetional and program responsibilities.

The responsibilities of this office should include:

• The safety, reliahility and quality assurance tunctions as they relate to all NASA activ-
ities and programs.

• l)irecti<m of reporting and documentation of problems, l)rohlem resolution and

trends associated with tlight salkq}:

[no page numher] --V i

Improved Communications, The (',ommission totmd thai Marshall Space Flight Center

l)rQject managers, hecause o[ a lelvdency at Marshall to management isolalion, failed to
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providefull andtimelyinformationbearingonthesat;elyoftlighl5I-I_toothervitalele-
mentsofShttttleprogrammanagement.
• NASAshouldtakeenergeticstepstoeliminatethistendencyatMarshallSpaceFlight

Center,whetherbychangesofpersonnel,organization,indoctrinationorallthree.
• A policyshouldbedevelopedwhichgovernstheimpositionandremowdof Shuttle

launchconstraints.
• FlightReadinessReviewsandMissionManagementTeammeetingsshouldberecorded.
• "File llight crew commandeh or a designated representative, should attend the Flight

Readiness Review, participate in acceptance of tile vehicle for flight, and cerli[}' lhal

dw crew is properly prepared tbr tlight.

mVlm

Landing Safety. NASA must take actions to improve landing safT_ty.
• The tire, brake and nosewheel steering systems must be improved. These systems do

not have sufficient safety margin, particularly at abort landing sites.

• The specitic cmlditions under which planned landings at Kennedy would be accept-
able should he determined. Criteria inllS[ be established |or tires, brakes and nose-

wheel steering. Until the systems meet those criteria in high tidelity testing thal is

veritied at Edwards, landing at Kennedy should not be planned.

• (]om,nitting to a specilic landing site requires thai landing area weather lie torecast
more than an hour in advance. During unpredictable weather periods at Kennedy,

program otficials should plan on Edwards landings. IIlcreased landings at Edwards

may necessitate a dual ferry capability.

i VII --

Launch Abort and Crew Escape. The Shuttle program management considered first-stage

abort options and c,cw escape options several times dming the history of the program,
bill I)ecallse of limited utili_, technical infeasibilit}, or program cost and schedule, n<) sys-

tems were implenlented. The Commission recommends that NASA:

• Make all efforts to provide a crew escape system fbr use during controlled gliding fligbt.

• Make every eltort to increase tile range of tlight ctm(lilions under which an emer-

gcnc} lllllway landing can be successfldly conducted in the evem Ilia[ tWO or three

main engines tail early in ascelll.

[no page numbc,]
-- VIII --

Flight Rate. The nation's reliance on tile Shuttle as its principal space launch capability

created a relentless pressure on NASA to increasc tile tlight rate. Such reliance on a sin-

gle launch capability should be aw)ided in the future.

NASA must establish a tlight rate that is consistent with its resources. A finn payload assign-

ment policy should be estahlished. The policy should include rigorous controls on cargo

manifest changes t() limit tile pressures such changes exert on schedules and crew training.

--IX--

Maintenance Safeguards. Installation, lest, and maintenance procedures must be espe-

cially rigorous for Space Shuttle items designated (h-iticalily 1. NASA should establish a

s'¢stcIn of allalyziilg alid ref)ortiilg i)er['orlllallCe lrelids of stlch items.
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Maintenance procedures for such items should be specified ill the Critical hems List,

especially tot those such as tile liquid-fueled main engines, which require unstiming main-
tenance and overhattl.

With regard to tile Orbiters, NASA should:

• Develop and execute a comprehensive maintenance inspecli<m plan.

• Pertorm periodic sn-uctm_d inspccfions when scheduled and not permit them m be w'ai_+d.

• Reslorc and support the maintenance and spare parts programs, and stop thc prac-
tice of removing parts from one Orbiter to supply another.

Concluding Thought

7'he Commission urges that NA,%4 continue to receive the support of the Administration and the

nation. The agen 0' constitutes a national resource that plays a critical role in .space exploration and

development. B also pmvirles a ,symbol of national pride and technological leadership.

7"he(;ommi_simt a[_plau& NASA _ speH acular <whievement_ o]the past and anticipates im[m, ssive achieve-

nwnts to _vme. The finding_ and recommendations pwsented in thi,_ 7v[:ml are intended to contrihute to the

Juture _\_4SA suc<esse_ that the nation both ex/wets and wquire_ as the 21st centu_)' appmache_ ....

Document 11-40

Document tide: Richard H. Truly, Associate Administrator for Space Flight, NASA, to
Distribution, "Slrategy for Safely Returning the Space Shuttle to Flight Status," March 24, 1986.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

In the aftermath of the Challenger aeeident, ]m'mer astronaut Richard Truly rettm_ed to NASA as

Associate AdministratorJbr Space Flight, with lead responsibili(L/br retul_in E the Space Shuttle safi,-

ly to flight. Within a./_v weeks a/let taking o[]ice, Truly set Jbrth a strate_, for achieving this ob/ee-

tire; this strategy, preceded the June 1986 recommendations of the Roger_ ('ommission and provided

theJmmewotk within which NASA ope_nted over the next thir(v months until the September 29, 1988,
return-tojli_ht Shuttle launch ($7S-26).

[ 1 ] National Aeronautics and

Space Administration
Washington, D.C.
20546

MAR 24 1986

TO: l)istrit)ulion

FROM: M/:cssociate Administrator tor Space Flight

SUBJECT: Strategy' tk_r Safely Returning the Space Shuttle to Flight Status

This memorandum defines the comprehensive strategy and major actions that, when com-

pleted, will allow resumption of the NSTS flight schedule. NASA headquarters (particu-

larly the Ottice of Space Flight), the [Office of Space Flight] centers, the National Space
Transportation System (NSTS) program organization and its variotts contractors will use

this guidance to proceed with the realistic, practical actions necessal T l<) return to the



376 DEVEI.OPING THE SPACE SHUTI'I.I*_

NSTS tlight schedule with emphasis on flight safety. This guidance is intended to direct

planning for the first year of flight while putting into motion those activities required to
establish a realistic and all achievable launch rate that will be safely sustainable. We intend

to move as quickly as practicable to complete these actions and return to safe and effec-

tive operation of the National Spacc Transportation System.

Guidance tor the fl)llowing subjects is included:

• ACTIONS REQUIRED PRIOR TO THE NEXT FLIGHT
• FIRST FI.IGHT/FIRST _2AR OPERATIONS

• DE\q£LOPMENT OF SUSTAINABLE SAFE FLIGHT RATE

ACTIONS REQUIRED PRIOR TO THE NEXT FLIGHT

Reassess Entire Program Management Structure and Operation

The NSTS program management philosophy, structure, reporting channels and decision-

making process will be thoroughly reviewed and those changes implemented which are

required to assure confidence and safely in the overall program, including the commit to
launch process. Additionally, the l,evel l/II/III budgel and management relationships will

be reviewed to insure [sic] that they do not adversely attZ'ct the NSTS decision process.

[2] Solid Rocket Motor (SRM) Joint Redesign

A dedicated S1LM.joinl design group will be established at [Marshall Space Flight Cemer],

with selective participation flom other NASA centers and external organizations, to rec-

ommend a program plan to quantit}' the SRM joints problem and to accomplish the SRM

joints redesign. The design must be reviewed in detail by the program to include

[Preliminm T Design Review, Critical Design Review, Design Certification Review], inde-

pendent analysis, DM-QM testing, and any other taclors necessary to assure that the over-
all SRM is safe to commit to launch. The type and content of post-flight inspections for

the redesigned joints and other flight components will be developed in detail, with crite-

ria developed for commitment to the nexl launch its well as reusability of the specific flight

hardware components.

I)esign RequiremenLs Reverilication

A review of the NSTS l)esign Requirements (\%1. 07700) will be conducted to insure [sic]

thai all systems design requirements are properly defined. This review will he fi}llowed by

a deha [l)esign (',erlilicalion Review] for all program elements Io assure the individual

pn!jects are in co,npliance with the requirements.

Complete CII/OMI Review

All {'.alegot 3' 1 and 1R cntical itents will be snbjected to a total fm_ew with a complete reap-

proval process implemented. Those itents which are not rm"alidated by this review nn.ls[ be
redesigned, certified, and qualitied for flight. The review process will include a rexqew of the

OMI's [()perational Maintenance Inspections], OMRSD's [Operational Maintenance

Readiness Support l)ocunmnts], and other supporting documentation which is pertinent to
the test, checkout, or as,sembly process of the Categol-y 1 and ! R flight hardware. KSC

[Kennedy Space Center] will continue to Ix- responsible for all OMI's with desigm center con-

currence required for those which al:[{:cl Categol T 1 and IR items. CategoB' 2 and 3 Cll.'s

[Critical Item Lists] will be reviewed ti}r reacceplance and 1o yetiS' their proper categorization.
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Complete OMRSD Review

The OMRSD will be reviewed to insnre [sic] that tile requirements defined in it are com-
plete and that tile required testing is consisten! with the resuhs of the CIL re,flew.

Inspection/retest requirements will be modified as necessai T to assure flight safety.

Latmch/Abort Reassessment

The lannch and launch abort rules and philosophy will be assessed to assure that the

launch and flight rules, range safety systems/(_perational proce(htres, landing aids, run-

way configuration and length, performance vs. [takeoff and landing] exposure, abort

weights, runway surface, and other landing related capabilities provide an acceptable mar-

gin of safe%_ to [3] the vehicle and crew. Additionally, the weather forecasting capability

will be reviewed and improved where possible to allow fi)r the most accurate reporting.

FIRST FLIGHT/FIRST YEAR OPERATIONS

First Flight

The subject of first flight mission design will require extensive review to assure that we are

proceeding in an orderly, conservative, safe manner. To permit the process to begin, the

following specific planning guidance applies to the first planned mission:

• daylight KS(; launch

• conserwttive flight design to minimize [takeoff and landing] exposure
• repeat payload (not a new payload class)

• no waiver on landing weight

• conservative launch/launch abor(/landing weather
• NASA-only flight crew

• cngine tim,st within thc experience base

• n<) active ascenl/entl T [Detailed Test Objectives ]
• COllservalive mission rules

• early, stable flight plan with supporting flight software and training load
• daylight [Edwards] landing (lakehed or ntnway 22)

First Year

The planning for the flight schedule for the first year of operation will reflect a launch
rale consistent with this conservative approach. The specific number of flights to be
planne(t for the first ),eat" will be developed as soon as possible and wilt consi(ler KS(; and

VAFB [Vandenberg Air Force Base] work flow, software development, controller/crew

training, etc. Changes to flight plans, ascent trajectories, manifest, etc., will be minimized

in the interest of program stability. Decisions on each launch will be made after thorough

review of the previous mission's SRMjoint performance, all other specified critical systems
performance and resolution of" anonmlies.

In general, the first year of operation will be maintained within the current flight experi-
ence base, and any expansion of the base, including new classes of payloads, will be

approved only after vm T thorough safety review. Specifically, 109 percent thrust levels will

not be flown tmtil satisfaclot T completion of the MPT testing currently being planned,

and the first use of the Filament Wound Case will not occur with the first use of 109 per-

cent SSME thrust level. Eve_, eflbrt will be made to conduct the first VAFB flight on an

expeditious and safe schedule which sttpports national security reqttirements.
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[4] DEVELOPMENT OF SUSTAINABLE SAFE FLIGHT RATE

"File ultimate safe, snstainable flight rate, and the buildup to that rate, will he developed

ntilizing a "bottoms-up" approach ill which all required work for the standard flow as
delined ill the OMRSD is identified and that work is optimized in relation to tile available

work force. Factors such as the manifest, nonschednled work, in-flight anomaly resolution,

roods, processing team workloads, work balancing across shifts, etc., will be considered, as
well as timely mission planning, flight product development and achievable software deliv-

e D, capability to support flight controllers and crew training. This development will con-

sider the availability of the third orbiter tacility, the availabili_ of spares, as well as the

ettects of supporting VAFB lannch site operations.

THE BOTTOM LINE

The Associate Adminstrator [sic] for Space Flight will take the action tor reassessment of

flw NSTS program management structure. The NSTS Program Manager at Johnson

Space Center is directed to initiate and coordinate all olher actions required to imple-

inellt this strateb, _' tor rettlrn to safe Shuttle flight.

1 know thai lilt, hnsiness of space flight can never be made to he totally risk-lree, but this

conservative relurn to operations will continne our strong NeMSA/lndnst W team effort to
recover from the Challenger accident. Many of these items have already been initiated at

some level in our organizations, and 1 am fully aware of tile tremendous amount of dedi-
caled work which nlust be accomplished. I do know that our nation's future ill space is

dependent on the individuals who must carry this strategy out sately and successfully.

Please give this the widest possible distribution to your people, lit is they who must under-

stand it, and they who must do it.

Richard l-l. Truly

Document 11-41

Document rifle: John W. Young, Chief, Astronaut Office, to Director, Flight Crew

Operations, "One Part of the 51-L Accident--Space Shuttle Program Flight Safety,"
March 4, 1986, with attached: "Examples of Uncertain Operational and Engineering
Conditions or Events Which We 'Routinely' Accept Now in the Space Shuttle Program."

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

l"a,et_ &_ne the.]anuar_, 28, 1986, accMent that destrm, ed theChallenger orbiter and killed it._ seven-

person crew, those close to the Space Shuttle program realized that, although the Space Transportation
S_,.stem had been declared operational on [u& 4, 1982, there were continuing developmental [mJblems

zt;ith the vehicle. In fizct, the O-ringJhih_re that led to the ("hallenger accident was much les._.Jeared

as a source o/a catastrophic /?lilure than many other system problems. In this memorandum, whtten

six weeks after the Challenger accident, John }bung, an experienced astronaut.firm the Gemini and

Apollo program._ and the commander q/the fir._t Space Shuttle flight, rellect._ his concern with va,_ous
Shuttle i.v_'ues. In 1986 at the time of this memo, _bung wt_ head _{/the astnmaut O/rice at NASA'._

.]oh_tson Space Center.
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1]

US (;overnnmnt

MEMORANDUM I,yndon B..Johnson Space Center NASA

INITIATOR ENCI,

CB/JW Yotmg/cgh:3/3/86:3897 1

I

REFER TO ] I)ATE

CB-86-075 ] March 4, 1986

TO: CA�Director, Flight Crew Operations

FROM: CB/Chief, Astronaut Office

CC

CA2/R.C. Zwieg DA3/D.R. Puddy
CB/All :cstronauts TA/J.F. Honeycutt

(;(;/J.S. Mgranti NASA ttqs/M/R.H. Trul

SIGNATURE

John W. Young

SUB: One Part of the 51-L Accident--Space Shuttle Program Flight Sali'ty

Background. The enclosure lists some conditions and events that are present ill the Space
Shuttle Program at this time. These are not all the conditions of serious concern. These

situations increase, to some unquantifiahle and unassessable extent, the Space Shuttle

Program, the Space Shuttle, and the flightcrew risk. I have talked to individuals--working

level and mid-level engineers, operators, aim managers--who are seriously concerned

about each of these accepted situations in their meas of speciahy. These accepted condi-

tions could have heen or are now potentially as catastrophic to the Space Shuttle Program
as the 51-I_ accident.

From watching the Presidential Commission o[)en session interviews on televison

[sic], it is clear that none of tile direct participants have the |Mnlest doubt that the}, did

anything but absolutely the correct thing in launching 5 I-L at evm T step of tile way. While

it is difticuh to helieve that any humans can have such c()mplete and total contidence, it
is even more difficult to understand a management system that allows us to fly a solid rock-

et booster single-seal design that explosivel}; [and] dynamically verifies iLs criticality l [)er-
formance in its application. This is because the prelaunch leak check pressurized that

criticality 1 primary seal awa$ from its proper sealing position. Sealing then relied on the

single dynamic action of solid rocket motor ignition to properly seal the primary seal. The

proper sealing has to be acconq)lished within milliseconds. If |)roper sealing did not

occur, iu Morton Thiokol lnc.'s own woMs, "subscale testing verified seal resiliency unable

to |ollow gap opening in metal parts--no secondalw seal activation if prima D, seal fails."

There is only one driving reason that such a polentially dangerous system would ever he
alh)wed to [l)_launch schedule pressure.

The enclosure lists several other potentially dangerous examples that von Call he sure

were accepted fi_r the vm T same reason. Unlike the secret seal, which no ol{e thai we know,

knew about, eye,Tone knows about these items. These examples are the way we do business.

Furore Considerations. "File preliminary lannch schedule of tuture tlights has launches at

9 the first yem, 14 the second, and 18 the third. Our Space Shuttle machinery* is not air-

line machinery. ,_ks the launch rate [9] increases, we will start having directly' increasing

Iltlnlhers of various conditions and events like the etlclostne wllere things are not work-

ing normally and management will still want In go tly. V_k" ]lave aheady, as tile enclosure

shows in part, latntched with less than certain thll reliability and tiff[ redundancy of the

systems, including the tlightcrews, that we operate. We are under confirming pressure to
launch without full-up avionics fro,n conqmters lo other sensors.
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The Space Shuttle is it; it is th.___e_estate-of-the-art as the space reusable machine. For

examples: When will we start seeing the effects of our short-term tile waterproofing? When

will we start seeing more effects of the true long duration, true environmental conditions

testing that we are running in our vehicles right now? These are the tests we have been

performing for )_ears now on such things at [sic; "as" meant] aluminum covered by tiles,
and storable, reusable propellantsihydrazine and hypergolics? When will our less-than-

iufant mortality rate checkout on the vehicles' mechanical systems catch up with us? When

does main engine systems' hydrogen embrittlement start worrying us? What will be the

effects of these systems t:ailing when we experience them on the vehicles after launch?

What about our aheady accepted risks such as arming the communication satellite boost-

er motors in the payload bay before we launch them? When, in the next 100 communi-
cation satellite launches, will that risk take a Shuttle down with it due to some obscure test

deletion, tired personnel performance, or a waiver plus the incredible failure?

The Space Shuttle is, by its very pioneering nature in reusability and its state-of-the-art

systems, an inherently risky machine to operate. We must be very careful with it just to
launch it successfltlly and get it back everytime.

An Urgent Request. By whatever management method it takes, we must make Flight Safety

First. People being responsible for making Flight Safety First when the launch schedule is

First cannot possibly make Flight Safety First no matter what they say. The enclosure shows

that these goals have always been opposite ones. It also shows overall Flight Safety does not
win in these cases. Flight Safety, to be safe, has to have real teeth in it. It will not be free.

For starters, we should not allow any increase in the inherent risk of operating the Space

Shuttle just to increase the launch rate, or reduce operating costs, or fly unsafe payloads.

If we have to put tough risk assessment or hazards analysis on all of the real-time oper-

ational management decision-making process for the life of this Program, then we need

to do it. If we do not consider Flight Safety First all the time at all levels of NASA, this

machinery and this Program will NOT make it. If the management system is not continu-

ously self-assessing with respect to Flight Safety of the inherently hazardous business that
we are in, it will NOT last. If the management system is not big enough to STOP the Space

Shuttle Program whenever necessa W to make Flight Safety corrections, it will NOT survive

and neither will our three Space Shuttles or their flightcrews.
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[no page number]

EY_A_MPLES OF UNCERTAIN OPERAT1ONAI, AND ENGINEERING CONDITIONS
OR EVENTS WHICtt WE "ROUTINEI._" ACCEPT NOW

IN THE SPACE SHUTTI,E PROGRAM

Time Condition/Event Resuhs and Potential Effect

Oct-Dec 1984 Orbiter/external rank quick
disconnect fittings flapper valves

extremely sensitive to rigging
angle and low tip loads (55-70

lbs.). Valve open capability could
be compromised by small
changes in tlow such as a partial
external lank line liner failure.

If any of four flapper valves cl<>se,
the resuh is loss of vehicle and

crew. Designs to aleviate [sic] the
valve sensiti_dty to these loads and
to allow precise rigging were
turned down.

Aug-Sep 1985 51-I (OV-103) launched through
two cloud decks. It was raining
froln the lower cloud deck.
Moderate turbulence and rain

on Shuttle landing abort runway
33. Light rain on Runway 15 "after

liftoff. Rain severity prediction
is not possible in the dynamic
weather around the (]ape.

New Mission Rule: "Consideration

will be given to light to moderate

rain" toe return to landing site
abort. Tile damage could be

severe. Assessed by an Engineering
WAG as not more than 65 drag
counts. If the tile damage
assessntent was realistic, winds in

storms plus tile danmge drag
might lose the vehicle and crew
in an abort.

Oct 1985 61-A, OV-099, aft left [Reaction

Control System] Regulator A
locked up incorrectly. The cause
of lockup was not known.
Decision made to fly with
redundancy in Regulator B.
Regulator 13 indicated failed "after

orbital insertion. Two days and
seven hours were needed to get
the Orbiter to "blowdown"

capability that would handle a
partial ent_ T.

For 2 days, discussions in Mission
Control were to use the

improperly gained no-yawzjet tlight
control system. This is a get-me-

down catastrophy [sic] system in
the printal T guidance con trol and

navigation system. The no-yaw@t
system is not in the back-up flight
system. If tire no-yaw-jet system
were used and the switch to the
BFS occurred, loss of vehicle and
crew wonld result.

Dec 1985 6 I-C, O\Z102, launched with

leaking coolant in tirol cell 1.
Leak isolated to tirol cell

externally by inspection, but
exact effect of leak in orbit was

not known for certain. Recently,
fuel cell 2 in OV-102 was

discovered to be leaking coolant
internally. 61-E would have
launched with filel (ell 1 leaking

to nleet turnaround (and maybe
fuel cell 2?).

Potential loss of fuel cell 1 was
discussed before launch. This
would resuh in a flfll duration

priority flight. Loss of the next
fuel cell in that timeframe is high
risk. It results in complex crew

procedures juggling systems to
keep low loads on last fitel cell

and loss of avionics redundancy
for entry at the next planned
landing sile.
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Time

l)('c 1985

Jan 1985

(;o ndition / Even t

61-C, OV-I02, scheduled to land

at KSC [Kennedy Space Center]

to speed turnaround had used
tires on Orbiter. l)ue to KSC

runway suriace conditions,
Langley [Research Center]
recommended the use of new

tires. New nosewheel steering

system on OV-102 not fail ops.
At least nine single-point failures
resuh in loss of nosewheel

steering. All _ nosewheel
steering system failures not
analyzed or completely
understood.

61-C, OV102, launch scrub
revealed criticality of [liquid

oxygen] prevah,e i:ailure to close
at Main Engine cutoff [MECO].
Failure to close at MECO is an

uncertain event. [Johnson Space

Center] stated pump damage,
[Marshall Space Flight Center]
stated catastrophy [sic].

Restflts and Potential Ett?ect

All work to make nosewheel

steering fail operational was
deleted. If nosewheel steering

required bv single leaking tire or
crosswinds'and not available,

heax T damage will resuh when
Orbiter leaves the runway for

unprepared runway shoulders at
the Shuttle Landing Facility.

Potential loss of vehicle and crew
if each of three valves does not

operate reliably at Main Engine
cutott. No test in Program to assess
criticality of these three valves.
Valves have single-point t_tilures
that should be fixed if the valves

are criticality 1.

Document 11-42

Document tide: President Ronald Reagan, "Statement by the President," August 15, 1986.

Source: The White Home, Office of the Press Secretary, Washington, D.C.

Document11-43

Document tide: The White House, Fact Sheet, NSDD-254, "United States Space Launch

Strategy," December 27, 1986.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

In the aftermath rJthe Challenger accMent, there was inten._e debate inside the Reagan administra-
tion over both whether to buiM an additimml Space Shuttle orhiter and what poli_ _hould govern

Shuttle use once the vehicle returned toflight. Advocates of creatiatz a { 7.S. space launch indust U based

on the commercialization of expeudabh" laumh vehicles (1';I._(_) were successfitl, over NASA _sopposition,

in their argument that the Shutth_ shouhl no longer be uaed to launch comme_zial pafloads, thereby cre-

ating a potential market for commercial launch providers. (,gee Chapter 3 of this volume. )

77re presidential directive in l)ecember 1986fi)rmalized the August 15 decision by I%sidem l_agan.

The Space Shuttle wouhl no longer be used to launch commercial or /m-eig,v_payloads unless it._ unique

capabilities were required, or there were overriding national security orJbreigv_ policy rea.wn.s ]br doing
so. It also cod!fled U.S. poilu that govern ,tent access to ,_pace would be ]m_vided by rt "mixed/leer " o/

S/race Shuttle orbiter_ and ELVs, rather than solely by the Shuttle.
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Document 11-42

[no page number] THE WHITE IIOUSE

Office of ttle Press Secretary

For hnmediate Release August 15, 1986

Statement by the President

I am annotmcing today two steps that will ensure America's leadership in space explo-

ration and utilization. First, the United States will, in FY 1987, start building a fourth Space

shuttle to take the place of Challenger which was destroyed onJanua o, 28th. This decision

will bring our shuttle fleet up to strength and enable the United States to safely and ener-
getically project a manned presence in space.

Without the fourth orbiter, NASA's capabilities would be severely limited and long-

term projects fi)r the development of space would have to be either postponed, or even

canceled. A fourth orbiter will enable our shuttles to accomplish the mission for which

they were originally intended and permit the United State[s] to move forward with new

exciting endeavors like the building of a permanently manned space station.

My second announcement concerns the fundamental direction of the space program.

NASA and our shuttles will continue to lead the way, breaking new ground, pioneering

new technolo_', and pushing back the fiontiers. It has been determined, howeven thal

NASA will no hmger be in the business of launching private satellites.

The priwite sector, with its ingenuity and cost effectiveness, will be playing an increas-

ingly important role in the American space effort. Free enterprise corporations will

t)ecome a highly competitive method of launching commercial satellites and doing those

things which do not require a manned presence in space. These priwlte firms are essen-

tial in clearing away tim backlog that has buih up during this time when our shuttles are

being modified.

_'e must always set our sights on tomorrow. NASA and our shuttle can't be commit-

ring their scarce resources to things which can be (lone better and cheaper by the private

sector. Instead, NASA and the four shuttles should be dedicated to payloads important to

national security and foreign policy, and, even more, on exploration, pioneering, and

dewdoping new technologies and uses of space. NASA will keep America on the leading

edge of change; the private sector will take over from there. Together, they' will ensure that

our country has a robust, balanced, and safe space program.

It has been over 6 nlonths since the tragic loss of tile Challenger and her gallant crew.

We have done evmTthing humanly possible to discover the organizational and technical

causes of (he disaster and to correct the situation. The greatest tribute we can pay to those
brave pathfinders who gave their lives on the Challenger is to nlove forward and rededi-

cate onrselves to America's leadership in space.
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Document 11-43

[1 ] FACT SHEET

United States Space Launch Strategy

Introduction

On I)ecember 27, 1986, the President signed a directive which establishes U.S. nation-

al policy to launch satellites and missions into space to support U.S. national security, civil,

and commercial goals using space. It is essential that U.S. space launch operations be as

efficient as possible consistent _dth available funding and safety concerns; and that U.S.

space launch assets provide a balanced, robust, flexible space launch capability which can

flmction independently of failures in any single launch vehicle system, allow a return to

regularly scheduled launch operations, meet continuing requirements, help make up for

lost launch opportunities and reassert global space leadership.

This directive supersedes the National Security launch Strategy policy directive otFebmal T

25, 1985. Other pl'e_4ous space polio' directives remain valid hut are modified accordingly.

National Space Latmch Capability

The U.S. national space launch capability will be based on a balanced mix of launch-

ers, consisting of the Space Transportation System (STS) and expendable launch vehicles

(EINs). The elements of this mix will be defined to best support the mission needs of the
national security, civil government and commercial sectors of U.S. space activities. Critical

mission needs will be supported, whenever necessa W, by both the STS and ELVs so as to

provide added assurance that payloads can he launched regardless of specific launch vehi-
cle availabilities.

a. National Security Space Transportation. The national security space sector will

use both the STS and ELVs. Selected critical payloads will be designed for dual-compati-

bility, i.e., capable of being launched I)y either the STS or the ELVs.

Implementation: The Department of Defense (DOD) will procure additional
ELVs to maintain a balanced launch capability and to provide access to space. The DOD

will implement i)rocedures to assure payload/launch vehicle compatibility and schedul-

ing, and maintain launch capability" for ELVs at both the East and West Coast lat,nch sites.

b. Civil (;overnment Space Transportation. The unique STS (Shuttle) capability to

provide ulanned access to space will he exploited in those areas that offer the greatest
national return. [2] The STS fleet will maintain the Nation's capability to support critical

programs requiring mamled presence and other mfique STS capabilities. NASA will use

the Shuttle where the unique capabilities of the STS ave required to support civil research

and development programs.

hnplemeutation: NASA will procure STS structural spares and other necessa O'

equipment needed to sustain the existing three-orbiter fleet and will do so in an expedi-

tious and cost-effective inanner. Funding for procurement of a replacement fourth orbiter

will begin in FY 1987 hased on an [Office of Management and Budget]-approvcd pro-

gram. NASA will establish sustainable STS flight rates to provide tot planning and bud-

geting of Government space programs. The recommendations of the President's

Commission on the Space Shuttle Challenger Accident will be considered and incorpo-

rated as al)prol)riate. The STS _4ll be phased out from providing launch services fiw com-

me,cial and foreign payloads that do not require a manned presence ov the unique
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capabilities of the STS. NASA will not maintain an EI,V ac!junct to tile STS. If there is a
need for additional NASA capacity for government launches, then NASA is authorized to

contract lot necessm T EI+V latmch services.

c. (]ommercial Space Transportation. The principles and policy of domestic

exploitation of space for commercial purposes are enunciated in a policy directive enti-

tled Commercialization of Expendable launch Vehicles, tlated May 16, 1983. Those prin-
ciples and policies remain valid.

hnt)lementation: NASA shall no hmger provide launch services for commercial

and foreign payloads unless those spacecraft have unique, specific reasons to be launched

aboard the Shuttle. Those reasons are: the spacecraft must be man-tended or the space-

craft is important for national security of foreign policy purposes. Satellite manutacturers

whose spacecraft rio not meet those criteria will he provided as realistic an appraisal as pos-

sible by NASA of when they could t)e scheduled on lhe Shuttle launch inanif_.:'st prior to
the 1995 commercial contract mandatory ternlinalion date.

Document11-44

Document title: H. Guyford Stever, Chair, Panel on Redesign of Space Shuttle Solid

Rocket Booster, Committee on NASA Scientific and Technological Program Reviews,
National Research Council, to James C. Fletcher, Administrator, NASA, Seventh Interim
Report, September 9, 1986.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

Hespondin£_ to a sut&_esliolt O/the R%mr_ Commis_io,i <m the Challenger aeeident, A(4&4 asked the

Nrltional Research Coum:il to./orm a pa,_el _!/ indepe_ule_t technical ex/,_ts to evaluate NASA's _JJorls

to redesigns, test, and eert(/:_' the Space Shuttle solid rocket booster (SRBs) a_d to oversee the manuJ?ze-

ture r!/'the two _pee(fic booster_ to be u._ed in the fir_4 Shuttle.flitd_t r{/ler the accident, which took place

ot_ September 29, 1988. In this letter report to _\(4,'s'A Admi,_istrator.]ames Heteher, panel chair 1t.

(;u3Jord SteveJ; a.fi, rmer science advisor to President GeraM f:ord, eommunicated the panel_ views on

various aspect_ o/ the bomter e[]brt. Most importantly,, he indicated in the last sentence °l the letter

that the pam'l had no basis./or ot)jectinff to NASA's plan_.fi, r lau_ehing the Shuttle in late septembeT;
thetehy eh,ari_tg the wr(_'./Or the Shuttle _ return to/li£_hl.

Ill NATI()NAL RESEARCH COUNCIl.

COMMISSION ON ENGINEERING AND TECtINICAI. SYSTEMS

21(11 Constitmion Avenue Washington, D.(]. 21)418

COMMITFEE ON NASA SCIENTIFIC

AND TECHNOI.OGICzM. PROGRAM REVIEWS

Panel on Redesign of Space Shuttle
Solid Rocket Booster

Tim Honoral)le.]ames C. Fletcher
Administrator

National Aeronautics and Space Administration

4()0 MaDqand Avenue, S.W., Room 7137

Washington, D.C. 20546

Septemher 9, 1988
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Dear Jim:

I am pleased to submit herewith the seventh interim report of the National Research
(]ouncil's Panel for the Technical Evahtation of NASA's Redesign of the Space Shutlh'

Solid Rocket Booster.

"File preflight program tbr testing the redesigned solid rocket booster has been com-

pleted and tile Shuule is expected to be returned to service soon. This report provides our
assessment of tile new design and its certification program, including production and

quality control issues, and our findings on the status of tile program at this time. Our con-
clusions are based on engineering judgment and the results of tests, the number of which

has been necessarily small.
Since our last report, tile Panel has conducted four tormal meetings and members of

the Panel have attended a number of test readiness reviews; the QM-6, QM-7, and PX_rM-I

static tests: technical interchange meetings on the outer boot ring, aft skirt, and insulation

debond prohlem; the design certification review; and an inspection of tile stacked boost-
ers to be used in the next flight (ST,%26). I also presented testimony on the progress of

lhe redesign effort to tile Senate Appropriations Subcommittee on HUD and

Independent Agencies on June 8th. Since June 1986 tile Panel has participated in or
observed more than 90 meetings, reviews, site visits, and tests and I have testified betore

tile Congress on four occasions.

;Lssessment of the Redesigned SRB

Approach of the Redesign. The redesign program was organized to concentrate its

resources on a "baseline" design, thereby awfiding a dilution of effort in both tile design

and tesling [2] ]lhases. The redesign was also constrained to make maximum use of exist-

ing or previously ordered hardware, owing to tile long time it takes to acquire new cases.

The consequences of these restraints were: (1) With ff-w exceptions, no alternatiw"

design of a major component was carried to full-scale, lull-duration testing. The principal

exception, an alternative design for the nozzle outer boot ring, turned out to be needed

and, because it was available, many months of delay were avoided when the original base-

line design [:ailed in the DM-9 static test. (2) The development effort aimed at solving

problems with the haseline design rather than providing the technological basis for selecl-

ing tile best design. (3) Tile time and cost to return to flight were minimized.

Early in the recovery effort, we urged NASA to give more thorough consideration to
ahernativc designs, of which many were and ;it(" potentially promising. We recognized,

howev('l; the advantages of Ill(" baseline approach for returning to flight as soon as possi-

bh' and believe that it has proved effective in this case.

Results from the Redesign. The redesign program has been aimed at ilnproving the

tlesign t_'amres that may have contributed to lhe Challenger accident as well as other com-

ponents that were pertorming less than satistactorily or thal were idenlifietl as having

inadequate thctors of safety. It also inchtded an extensive analytical effort, a snhscale test

program, and [ull-scale, short-duration testing which provided much improved nnder-
standing of tilt" design and its limitalions. The most inlp()rlanl resnhs of lhe ]nogram are
oullint'(t l)el(lw.

(;ase field joint. Five timtnres of the design of tile original case field,joint are thnnght
tO have contril)ttted to the accident. (1) The sealing surfaces of the original design

opened excessively during the ignition transient; this motion has been greatly reduced by

the addition of the capture li:ature with its interference lit and extra ()-ring. (9) The

()-,'lug material used in the original design has poor low temperature resilience; since no
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suitablealternativeiscurrentlyavailable,tilt' redesignemploystilt, same nlalerial, but

seals are heated to maintain proper resilience. Also, greater care is taken to assure tile

quality of O-ring materials and malmtacture. (3) The O-ring grooves were too narrow to

take full advantage of the eftects of pressvrization for making tilt: seal; the seal grooves

have been widelled ill the redesign. (4) rl'he original svsteln t()l verif;dng the seals

[3] ptlslled tile pl'illlal)' O-ring ill the wrong direction to be all ettective s('al tlpOll pres-

surization; the new vent port and leak clleck procedures assure proper seating of boll, llle
prinlal T and secondary seals. (._) The O-ring seals could be exposed to.jets of combustion

gases through blowholes ill the putty of the original design; tllis exposure has been

reduced or eliminated by replacing the putty with a tlmllnal barrier of bonded insulation

(the so-called J-seal) The interlk'rence fit also helps to protect the seals from exposure to
hot gas jets ill the event ofa detect in the bonded insulation. In our opinion, NASA has a

reasonable basis for conchlding that these cllanges have corrected tile previous design
deficiencies.

(iase-to-nozzlejoint. The same redesign principles were applied where possible to tilt,

case-to-nozzle.joint whicb, while not involved ill the accident, had previously shown p,-ob-
lems similar to those observed ill the case tield.joint..loint motion has now been restricl-

ed by radial bolts added to the design. The preloading of these and other bolts is nlore

carefully controlled than previously. The O-rings are ill a heated environment, as llley

were in the original design, but with Inore caret+ul control of temperature. Tile ()-ring
grooves have been widened, although the design selected cannot assure tllat tilt' prinlary

seal is seated in tilt" p,-oper direction. Bonded insulation and an extra (wiper) O-ring are

provided to protect the seals from Colnbustiol_ gases; ill ttlis case, however, the asselnbly

process, dictated by tim geometry, tends to allow voids and Howholes to forln ill ttle adhe-
sive that forlns the insulation bond.

Tile potential [or gas flow through blowholes ill tim adllesive and the potential leak

paths around the additional bolts create less certainty about the reliability of this joint than
tile case field.joint, ttowever, the.joint has performed well ill tests. Wllen realistic blowlloles

were deliberately introduced into the.joint during tests, the vohunes of gas that flowed

througtl tlmm were less than the amount needed to jeopardize the seals. Therefore, while

uncertainties renlain, tile new design appears to represent a significant improvelnent over

tilt" original. Additional work is required to develop and demonstrate assenlbly techniques

that yield a Inore reproducible product. Until this is accomplished, very careful alIenlion

sllould be paid to quality control ill assenlbly. In addition, the performance of tim case-to-

nozzle joint ill t]ight must be monitored to verify that tile additional stress of occasional

blowholes in tile adhesive does not tllrealen to compronlise its fUl'l(+tionL

Ig, nilerjoint. Some of tile redesign principles were also allplied to tilt' igniter.joint.

For example, the inner sealing [4] surfaces of Ill(! igniter ill the original design <)pened
too quickly on ignition for the gasket seal to respond as required by the specifications; tim

redesign Cnll)loys a more substantial prehmd on tile igniter bolts to restrict this Inolion.
Beyond Ibis, the addition of a beater to inlplove the resilience of tilt, seal malerial for cold

weattler launches is planned; however, the beater has IlOt yet been demonstrated or (tual -

ificd. 'Ik,st results indicate tllat the new design of tills.joint Iepresents an inlprovement
over the original.

Case factory joint. Tile _allcanized insulation ttlat completely covers tim inside of tiffs

joint acts as its only qualified pressure seal. The layup and thickness of the insulation have

t)ecn modified to enhance safely. No structural ctlanges were made ill tilt: case taclorv

_joint to reduce the relative nl<ltion of the metal parts anti tile O-rings arc not healed, s_'l

tim two O-rings do lit)| meet the formal requilenlenls tbr seals. Tiffs.joint, tlmrefore, does



3,g_l, DEVEI.OP1N(; THE SPACE SIIU IT"I.E

not have redundant, verifiable seals that will operate independently throughout motor

burn. The insulation over tile factoxTjoints has perfbrmed satisfactorily in both flight and

ground tests, which have demonstrated that the insulation forms a highly reliable seal.
Furthermore, the O-rings may well provide redundant sealing action if called upon well

after the ignition transient.

Nozzle ablative parts. Flight experience before the accident suggested the need to

improve the thermal perlbrmance of carbon cloth phenolic parts in the nozzle. The
,esults of a nozzle technology development program initiated before the accident led to

improved control of the materials used to make the parts as well as to changes in the cloth

lavup patterns. A limited number of ground tests suggest that the thermal performance of

tl{ese parts has been substantially improved. However, the perfbrmance of these compo-

nents can be sensitive to manufacturing variables so operational flight data should be

monitored very carefully.
The redesign of one nozzle ablative part, the outer boot ring, proved in test to be struc-

turally deficient and it was necessmy to turn to an alternative design. Based on test results
to date, the current baseline ("structtu'al support") design of the outer boot ring appears

to be substantially better than either the original design or the first redesign ("inw)lute").

Some degree of uncertainty exists, however, regarding the stnmtural loads on this compo-

nent when vent holes, which were designed to assure the equalization of pressure across

the part, become plugged. NA£A's analysis of the "worst case" pressure differential due to

phtgging indicates that the situation is unlikely to threaten the safety of flight.

[5] Booster components. During the redesign activity, two booster components were

found to have structural sate_ factors that did not satist}' specifications. The aft attach-
ment to the external tank and the aft skirt were both redesigned. Only the new design of

the tormer appears to be satisfactoIT; the modified aft skirt has failed to meet the ultimate

design load condition required in the specifications. IAZ, support NASA's decision to grant
a waiver of the requirement for the aft skirt for the first flight since the satk'ty of flight is

not in question. The current skirt is heavier than the original design hy several hundred

pounds without apparent improvement in its strength. We conclude that finther work on

the aft skirt is needed to meet the design requirements.

Veo' recently, we learned that during an evaluation of booster parts in storage for

future use, a crack was found in a strut. We understand tllat the struts installed in STS-26

had been inspected in accordance with procedures and proof tested and that the impli-
cations of the occurrence of this defect for ST&26 are being evalnated.

,_ssessment of the Certification Proluam

The certification program is aimed at verifying that the design meets the contract

specifications and at determining if it is qualified for manned flight. The program
includes analytical studies as well as development and qualification tests.

Concurrency. In the case of the redesigned SRB, the certification program was conduct-

ed in parallel with the manufacture and assembly of the first several pairs of tlight motors.

The objective, as with the baseline design approach, was to return m flight as quickly as

possibh'. The assumption inherent in the l)arallel approach was thai the certification pro-

grain would successfully demonstrate that the baseline design meets requirements.

In practice, several changes in the first flight set were made after the two boosters were
constructed when certification activities identified defciencies. For example, the aherna-

tixe outer boot ring design replaced the original redesign; new igniter bolts were installed

to restrict the gap opening; and insulation debonds were repaired. Other changes were
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identified but were judged by NASA not to be sufficiently inlportant to incur the delays

that would have been required to incorporate them on the first flight set. These changes,

[6] inclnding stronger bohs in all internal nozzle joints, adjustable vent port plugs,

improvements in the aft skirt to meet design requirements, and improvements in case-

liner bonding processes[,] presumably will be introduced in future flighLs.

We conclude that the concurrent approach to certification and inanufactnre of flight

sets was an appropriate strategy. The resumption of tlight will clearly occur much earlier

than otherwise would have been the case and program management has demonstrated

diligence in making changes when tests or analyses indicated priority needs.

The Test Program. The test program comprises work to validate the mechanical and ther-

inal integrity of the design and to confirm that it operates as intended. For example, assur-

ing mechanical integrity is the primary focus of hydroproofing, structural, and assembly

tests of various kinds that are intended to determine structural margins of safety or prac-

ticality of assembly. Also in this category are tests to determine the aging characteristics of

nonmetallic parts, such as compression set in O-rings and insulation. Aging tests fi_r com-

ponents other than the propellant had been quite linfited in the SRB program.

Mechanical and thermal integrity as well as operational characteristics were examined

in a series of experiments in which propellant was burned. A design t_eature was often first

tested in subscale motors, then in fifll-scale but short-duration test beds, and finally in fifll-

scale, lull-duration static motor firings. In addition to the usual testing of articles under

nominal conditions, tire redesign program inchtded tests of/onr types that had not been

conducted previously in the shuttle program. (1) Tire motor will have been test fred while

conditioned to the highest and lowest operating temperature specified in the design

requirements, with the low temperature test (QM-8) coming after the resumption of flight

but betore a cold temperature launch. (2) Some test articles, including one full-duration

motoL were subjected to external dynamic forces to simulate the loads experienced at
launch and during tlight. (3) Both short-<turation and full-duration firings were conducl,

ed to determine the tolerance of the design to flaws that might be introduced during

manufacturirlg or assembly hut not be detected by inspection. (4) The perfornlance of

seals was tested in both short-duration and fldl-duration frings by breaching the upslream
barriers lhat normally would protect the O-rings from combt,stion gases.

[7] While not every,' test that the Panel and others might have desired was conducted

belore the return to tlight, it is clear that the current test program has been considerably

more extensive and thorough than the test program that preceded the first Shuttle

launch..As a consequence, we conclude that NASA can have commensurately more con-

fidence in the redesigned SRM [solid rocket motor] than it had in the original design.

Much was accoml)lished in tire testing program that will also be valuable to NASA in

developing furore generations of solid rocket motors. Unfl)rtnnately, both because the tocus

was on the baseline design and because NASA did not have an ongoing program for devel-

oping advanced technoloD, with applications to the motor, except for nozzle phenolics, the

redesign program ha.s not taken fill advantage of its subscale test capability. We believe

deeply in the value of technoh)g_ programs as the basis tbr flmwe design, development, and

operations, huilding as they do the ttnderstanding needed to approach the future.

The Analytic Program. In addition to testing, NASA also relies on analytical studies to help

refit}' that the design meets requirements, especially in those circumstances where tesls

cannot be condncted for practical reasons. For example, the [aclor of safety for thermal

loads, i.e., the ahility of the design to withstand thermal loads in excess of those experi-

enced under "worst case" operating conditions, cannot be demonstrated by test. The

requirenrents, nonetheless, specify the factor of safety to be achieved and demonstrated.

While NASA may have no other choice but to rely on analysis in these circumstances,

it nonetheless appears to ns as if the program has in some cases placed undue confidence
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ill the results of analytical studies, particularly regarding structural integrity. Analyses

incorporate a w_riety of assumI)tions and too seldom are estimates tnade of the eflects of

assumptions on the accuracy or precision of the resuhs.

Modeling the behavior of complex structures subject to three-dimensional h)ads is a

challenging task; the etticacy of analytical models must he veritied hy appropriate experi-

ments. The nozzle ahlative parts, for example, are complex inhomogencous, anisotropic

strttctures and their physics and chemistry may not be adequately captnred by existing

analytical models. The analysis of the outer boot ring, for example, did not accotult for
torsion, used incorrect loads, and had an inappropriate fa+ilure criterion, yet the resuhs of

analysis were originally used to select the haseline design. A similar cauti<m is warranted

for the application of current models to plastic (let+ormati<m of metal parts and to com-

plex structures, such as the att skirl.

[8] Future Verification Activities. As indicated earlier, the low temperature certification

static motor test is scheduled to be conducted before the first cold temperature launch.

:XJter mission STS-26, a fill-scale case joint is to he subiected to multiple cycles of pressure

loading and then burst to identit}' effects of muhiple uses and validate structural analyses.
It is also our understanding that the first six flights were intended to provide data as

part of the verification program. We have been disappointed to learn that the instrumen-

tation required fi)r this purpose will not be flown after the third flight, apparently tot bud-

getal T reasons. No amount of ground testing can simulate with complete fideli_, the

conditions of [light, which is the environment that counts; there is no substitute for flight

data for identifying anomalous behavior or verifi/ing pretlight calculations. We are con-
cerned that once flight instruments have heen deleted from the program, it will be difli-

cnlt to get them back on the tlight articles. We recommend therelore, thai NASA set aside

timds tor tlight instrunmnmtion beyond the third flight; the agency should identit_¢ criti-

cal needs tor operational data, based on the resuhs of the tirst several flights, thai can he

met with instrnmentation on fimne tlights.

Production and Quality Control

Because an SRM flight article cannot he operationally tested befi)re it is used, detin-

ing and maintaining controls on the materials, processes, and parts used in its mann|he-

lure are essential to establish conlidence in the reliahility of the booster. The goal is to

define the lnOSl effective manul_tcturing processes, then to assure that each motor is as

nntch as possible identical to all of the motors that have been tested and flown her+ore it.

(:arefnl workmanship and diligent supervision are essential in wo,king toward this goal.

Manutacturing Processes. Among the thousands of processes used to make parts of the
booster, four have been the focus of our atttention hecause, while progress has been made,

they have not yet been completely developed, demonstrated, and controlled. These

processes are: manufacturing nozzle ablative parts, which are particularly wdnerable to

single point failures; manufacturing high quail D' O-rings; assembling the case-to-nozzle

joint without |brining hlowholes or voids in the polysulfide adhesive; and h<mding elas-

tomers to metal stulitces, including hoth the insulation-to-case bond and bonds within the

tlexible nozzle bearing. The [_'atures of the resl)ective processes that determine the qual-

it,,' of their [9] products have not yet heen conclusively identilied. We recomnlend thal

technolo_, development he vigorously pursued to resolw+ these uncertainties and that the

changes be ca,+elidly tested betore being introduced into flight articles.

Uncertainties also remain in developing the specitications governing the purchatse of

some critical materials, particularly those whose tormulas or preparations are l)rolnietat3:

Considetvtble progress has heen made in specifying O-ring materials, but that work is not yet

complete. Much work still needs to be done regarding adhesives and other h<mding agents.
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Quality Control. Diligence ill assuring tilt: required quality in materials and processes is a

demanding, never-ending task. It appea,+s to tim Ilnat NASA and its contractors appreciate

the central importance of quality control and have been working hard to improve the

record of achievement. For example, progress has been made, both at Kennedy Space

Center and at Morlon-Thiokol, Inc., toward establishing and maintaining standards of

cleanliness. Progress has also been made in nondestructive inspection and evalualitm of

materials, parts, and assembled articles.

Considerable attention has also been paid to the problem of measuring case seg-

ments. The case fieldjoinl design requires relatively precise control of the dimensions of

the capture tk'ature and the mating clevis It'g: a few thousandths of an inch on a cylinder

approximately 12 f>et in diameter may be critical not only for its intended operation but

also for reuse. Making accttrate, precise measurements in this context has not proven to

be easy. We concur that NASA should colllilllte to develop and then employ the best

demonstrated technique for making the required measurements.

The analysis of tailure modes and etlects, which wits extensive, identitied a very large

number of items that will be sub.ject to mandatory iuspeclion. The mmlber is larger than

before tile accident primarily because of grealt'l- tart, and attellliOn to detail ill the ctlr-

rent assessment. The number is so large, howevcl, that the program rims the risk of get-

ling overwhehned with potentially insignificant details. We concur with the

recommendation of the [National Research (]ouncil'sl Commiuee on Shuttle Criticality

Review and ttazard Analysis Audit thai means be devised for establishing priorities so It)at

the inspection program can focus its attention on the truly important items.

[10] l)eviations in STS-26 and Subsequent Flights. While the goal is to make each boost-

er identical, deviations fiom design requirenlents and discrepancies in materials and

processes always occur ill the normal course of events. These are formally reviewed to

assess their |)(>lential consc(luctlccs tor a sttcccssful mission an(t only thnse.jtl(lge<t not it)

affect safety or reliability adversely are accepted.
+File STS-96 boosters have a considerable number of such deviatitms and waivers. The

Panel has reviewed NASA's process for evaluating and approving thein and finds it to be

satisliactory. Wt, have also reviewed a few of the more significant iteins. While we have not

1)ten able lo make a Ihorough assessment in each case, we have tound nothing which
demonstrates lhat NASA's evaluations are in error.

Among the deviations, the tirst tlight set contains some parts, and was lnalllll;tctnred

using solne processes, that will be changed tor future missions because improvenlents

were identified during the development and certification process but are: the S+I'_26
boosters were assembled. As described earlier, NASA concluded that the benetits It> be

derived t+vom making certain changes were not worth the associated delays. Included in

this categol T are: ()-rings in the sat_" anti arm device thai have less than the specilied

squeeze on Ihe rotor shati; fully threaded bolls in nozzle internal joint #B; case-linen- edge

bonds built wilhout the benefit of tile most recent process cont,ots; nozzles that have been
subiecled It) ,-emoval and replat:emt'n! of the outer bool ring; and tilt: so-callecl CllStOlll-

tilted vent [)orl plugs. In addition, puuy ill lilt' igtfiter joints of the STS-26 boostcrs--and

t)ne of lilt' STS--27 boosters--has been mechanically tamped to reduce the potential t_>r

blowholes although this process will not be followed in the ftllure. Each of these unique

features of the SRBs on STS.-26 has been tested in at least one static mol<>r ground test.

While tlights beyond STS-26 will also have waivers and deviations for the reasons

described in tile first paragraph of ibis section, we are concerned that many deviations

and waivers arise because the related design ,equirenmnts art" incorrect or impraclical
and will not cvcr be met. NASA should reduce the nuntber of such deviations and waivers

by changing tilt" requireumnts where there is no practical expectation of meeting tllem in
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tilt" furore and where the resuhing reliability, l)erlbrmance, and operating constraints, if

any, are acceptable.

[ I 1] Current Status of the ProRram

As noted in our thst report, dated August 1, 1986, tottr interdependent factors influ-

t'nce lhe prognml: safety, schedule, cost, and performance, hnproving the design fi)r

enhanced safety and reliability has been tile prime consideration, bltl schedule and costs

have also had important influences on the redesign program.

Many design changes have improved safely and reduced risks. Some design changes

may have introduced new, as yet unrecognized risks. Some risks, associated with elements

of tile design that were not changed, remain as they werc before the Challenger accident.

On balance, based primarily on changes in design of tile case field joint, case-to-nozzle

joint, and the nozzle ablative" components, we believe that the overall level of safety attd

reliabiti_' has been substantially improved.

More might have been accomplished if the program were unconstrained by the need

to return to flight as soon as possible and by limitations in budget and other resotuces.

But such constraints were practical necessities and our impression is that they were not
unreasonable in this case.

More can still be accomplished to improve safety and reliability after flights resume,

however, as a number of important issues in the design and verilication program have

t)een deDrred or are still unresolved. Among these are: the adequacy of new procedures

for making tile case-insulalion bonds for ftttltre flight articles; the adequacy of repairs to

case-insulation bonds; the strnctmal performance of nozzle parts and bonds; the occur-

rence and effects of blowholes in the adhesive in the case-lo-nozzle joint; effects of hmg

te,ul storage on installed clastomeric seals and bonds; the accuracy and reliability of mea-

sttring and matching case segments; the adequacy of the aft skirt design; tile potential

need to prevent the establishmenl of differential pressure across the nozzle tlexible boot;

the verification of structural analysis by a bttrsl test of a fttll-scale case; the p<)tenlial lot

achieving the required number of renses o[ case segments; and lhe removal of materials

lhal contain asbestos. Additional issues or concerns can be expected to arise from tlighl

experience, which is the true test of the redesign.

We have previously recommended that NASA underlake a program to ColHinue to

reduce risks, enhance reliability, and reduce costs associated with lhe redesigned SRB

atier flight resmnes. Having sttch a program, which should address both issues unresolved

in the redesign to date and concerns lhat [121 arise tiom tlight experience, requires plan-

ning to assure appropriate continuily in technical eftbrts and of personnel and to be capa-

ble of introducing improvements into an ongoing operational program. NASA's

committnent to and budget for such a program is essential. In ottr opini<m, the prospect

of an advanced solid rocket tnotot; which might not be available nntil the middle of tile

next decade at the earliest, does not warrant a relaxation in NASA's diligence to provide

the safest practical space transportation system in tile interim. We strongly reiterate oltr
earlier recommendation.

Our t_.)cus today, however, is on Ihe return to flight: mission STS-26. NASA and its con-

tractors have worked diligently on the redesign and testing progranl and deserve to be rec-

ognized R)r their ellorts. The re(tesigned solid rocket boosters ]rave incorporated a large

numt)er of imt)rovements that should result in considerably enhanced safety and reliat)il-

ily, hence reduced risk. Risks remain, however. And readiness m fly depends as mucll, if

not more, on confidence in manutacturing and assembly as on dw redesign, which our

Panel has evaluated over the past 28 months. Whether the level of risk is acceptable is a

matter that NASA must judge. Based on the Panel's assessments and observations regard-
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ingthe redesigned solid rocket boosters, we have no basis for objection to the current
launch schedule tot STS-26.

Sincerely,

11. (;uvtord Stever
(_hairman

Document 11-45

Document title: Office of Technology Assessment, "Shuttle Fleet Attrition if Orbiter

Recovery Reliability is 98 Percent," August 1989, p. 6.

Source: U.S. Congress, Office of Technology Assessment, Round Trip to Orbit: Human
Spaceflight Alternatives--Special Report, OTA-ISC-419 (Washington, DC: U.S.
Government Printing Office, August 1989).

"lhe Oj[fice _[ Technob,gn, A_ses.sment (1972-1995) was a r'ongr+_._iol_al ._upport organization pro-

viding in-depth technical analy._is fiJr the tlouse and Senate. It prepared a number o]reports on space

i_sue._ dum_g the 1981)s and 1990._. l_l a 1989 n,/mrt, it a_e_.sr'd the _el_silive i._._ue O/Ihe _trtti_lir:al
likelihood _!/'am*lher mailer Space ,Shuttle accide_d.

Figure I-l--Shuttle Fleet Attrition if Orbiter Recovery Reliability is 98 Percent.
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Stauttlereliabilityisuncertain,buthasbeenestimatedto rangebetween97and
99percent.LIf theShuttlereliabilityis98percent,therewouldhea50-50chanceoflos-
inganorbiterwithin34flights.Ata fate of 11 tlights per year, there would he a 50 pet--

Cell| t)rol)abilitv of losing an orbiler in a pe,-io(t ()f just ()vet- three years. The prot)ability of

maintaining atleast three orbiters in the Shuttle fleet declines tt) less lhan 50 l)ercent atier

tlight 113.
Ahhottgh loss of an orl)iter would not necessarily resuh in loss of lite, it would severe-

lv impede the progress of the civilian space program, as i1 would likely lead to a long stand-
&_wn of the orbiter tleet while the cause ot the thilure was determined and repaired. Seen

in terms of Space Station construction, if the probability of recovering an orbiler were

98 percent, the prohability of retaining tour operational ortfiters would he only 28 percent

when Space Station construction begins on flight 92 and only 12 percent when the Phase

I Space Station is completed 42 [lighls later

Document 11-46

Document title: Dale D. Myers, Deputy Administrator, NASA, to Robert IL Dawson,
Associate Director for Natural Resources, Energy and Science, Office of Management and

Budget, January 20, 1988, with attachment on the benefits of the Shuttle-C, December
1987.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

In the late 1980s, NASA retained its belie/ that the S/race Shuttle was a well-desigvzed, robu,st ,system

aml that there should be maximum use _¢[Shuttle hardwaw in meeti_g./iaure .s]mee tran,sportation

requiwment_. Aervrdingly, NASA deT_eloped the eom:ept o/a earffo-carD'ing vehicle, the Shuttle-C, to

li/? hea_ 7 payloads, partieularl_' Space Statimt Free(lore, il_to orhit. NASA never _eceived 1{Tdte
Ho use or co_g,re.ssional approval to initiate Stt nttle-( J development, l:ig'uo' 2 _!/ the e_clo,_u_v with thi._

h,tter doe_ m*t appear here.

I I ] NASA
National Aeronautics and

Space Admillistration

Washington, I).C.
2O546

()trice of the Administrator JAN 2O 1988

Mr. Robert K. Dawson

,_ssociate l)irector for Natural Resources, Energy and Science
Executiw' Office of the President

Ottice of Management and Budget

Washington, DC 20503

I. [.-Systcms, Inc.. Shull#'/ShullleC OperationL Ri_kg, and (;o_t A_m&sis. I,SY,%4_8-00g(El Segundo,
CA: 1988).
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Dear Mr. l)awson:

_,s l{'{]u{_sl{'d in ,v{)ur letl{q {}tAugust 6, 1987, {}ur assessm{'nl {}f Ill{" l){)l{,nlial hen{'fits

_lll{t lhc c{}sl {'|]{.'{livcllcss (}f th{" Shutllc-{] is {uwh}s{'{I. Our Syslenl 1}ct]niti{}n Studies will

('{}nt|ihut{" furlh{'r It) a final answeL h is iml}{,tanl 1{} rt'm{'nll}{,r lhat {}nr consi{l{wati{}n

{}f a Shuttle-{] capahility is part {}fa t}r{)adcr st)n{{, transp{}rtation Stl+tti.+g_ ', Returning tit{"

Space Shuttle to sa3[_' t]ight, sut}portin g the tlight |ate huil{hq}, and repIa{ing the

{2hall{'nger remain our hight'st i}ri<}rilies. FIirthel, tilt" Advanced Solid R{}<k{'t Motor

(ASRM) is a {:riti{al and n{'ccssary iliV{,Stlil{+nt |{} lII{'{'t I'{'{Illi1"cIIIPII|S , ill{'l't'ase s_lf{_'ty all{l

reliahilil_, and I{_g;till 1}{_r[{}llllall{-c. A{{{}r{lingly, w{" hay{' {l{'{i(l{'{l thai lh{' ASRM sl'l{}uld

t}c given grt'aler t}ri{)rity Ihan a II{'al;t{'rln h{';By-lifl launch v{'hi{l{' and arc t}rt)c{,eding

with this It} hel l} mc{'l the Nation's ov{,rall {If'fined r{'quirtqnt,nls.

In a(t{lili{). It} our manned S]lu.ltl{, cat}al}ility and our cxisling {'Xl){q_{Ia|}l{, hum{'|l

vehi{'l{?s, we re,st plan a more l{}l}ust nali{)|lal si}ac{' la,nch {at}al}ili B, which sh{}uld

in{lu(h" a he;By-lift capability. The Adw,|{{'d I]a,nch Sy_,lcnl (AI_S) SIu{lics and the

Sh/lllh--(; stu{li{'s will l}r{}vide tile hasis for t{}rmulali{}n {}f llati{)ll_I1 lnunch vehicle" {level-

{}t}Ill{?ll( SIl;-ttt-gy. :_% ):()H _tlt" _lWill"C, lilt" AI,S Slu(li{_s are thcus{.{I on n{'w syslems and n{'w
[acilities, anti tile Shuttl{_.-C sIu{Iies are fi}cus{'d {}n maximum utilizafi{}n of ShuIth_ hard-

wart" anti t,l{ilities. The SIlultle-{] appears 1{} {_|]'er an alt{}r(tahle, li|niled t]ight tale, [and l
r{'liaI}le near-!{'im {al}al)ility.

Idenliti{:ati{}n {}lS|luule-{_ tlu{lgel requirements, in{lu{ling funding and schedule, was

in{lu{led in NASA's Fis{al Year 198{,} |}u{Ige! suhnfissi{)n. W{" r{'{{}gnize 1hal our overall

mutt)hal and NASA hu{tget posture {t{}{_s not all{}w i}r{w{wding with a design and {lev{'l-

{>]}mt'nt (te{isi{}n at this lime. I t{}wt-vcr, w{" l}resenlly have sulfi{i{u]1 infi}rmali{}n 1{} dc{'id{?

in t_lv{}r {}| c{}0.{tll(ting the s_(:{}n{l |}has{' of SysIem I}{'l]nili{}n Stu{li{'s. C{}mpleting 1he

Phns{' II {h'Iinili{)n stu{lv 18.sks will []l{ililat{" n. mu{h }){'11{'1 {{}sl Hs_{'*';Slll{'lll I};ts{'{l Oll _4 lll{,-

liminary design ;malysis. The n{_xl ma, j{}r cost r{'vi{'w will h{" {onduclt_d in It1{" summer {}t

1{.}88 when many {)| the Shultle-{2 systems {l{'finili{}n ta.sks will hay{? h{'t'n {{}mph_t{'d.

[21 (),,r stu{lies Io date in{licale Ihal fi}r a limited tlighl rail{' lw;By-liti Cal}ahilit)% Shuttle-(] is

m{}r{" {{}st {'tl_'{liv{" Ihan olh{'r syslems {-{}nl{.nll}lat{,{l fi}r Ih{" mid-lg{,}{)'s. 11 can t)c {}n line ear-

liel, al l{}w{'r d{'v{,l{)i}n|ent cost, and high{q reliability Ih;-ul {,th{'r sy.st{?nls sin{e i! ,tilizes m;_]or

{'l{'n]{_nt.,; {}f Sp,_{{, ShuItlc pr{)pulsi{}n, l_tnka.g{., and {,ng-int_s which have t}{.en {lualil]e{l |{}r th{?

SIl-ill_-{'ill r{_{iuir{qn{,nls {}f manned space [light. It will h{q_e[]1 [i{}m Ih{" {{}ntinuing [)ro{tu{li{}n

I};Ls{! {}t th{' ov{'rall STS program. The Sht1111{,-{ 2 w{}uId pr{Md{" assured access 1{}space thr STS,

l'ilan I\:/(]{.nl;u,--.{lass [}l;.,,nelary, and nati{}n;I.I se{urily tlayl{}a{t.s. The Shtllll{'--{] could ,ds{}

launch nalional s{'{ll|ily and {:MI payh)ntls fi{}m \:and{'nh{'rg. M{)re{)vcl, it is an al}l}r{)l)ri,_!{,

l{_st}{}llS{' t(} ttl{? St}viol Energiya launch v{'hi{l{" and provides a compared}h. {apabilily.

I have {{m{hl{h'd th;:ll the Shultl{'-{2 {{}n{ept {}ffi:rs _ t}{}1{'nlial sle I} !{}ward a m{}r{"

r_}l)usl mlti{}nal launch t){}stur{_ and, with your con{:,rren{{', I plan I{} implemenl Phase II.

Ahh{}ugh I}has{ • II {I{}{'s not be'gin until n]id-Mar{h, a dc{isi{)n is nt'e{led hy F{,I}rual T 20

1{} nv{}id n gap in th{' slu{ly e|]{}r!. C{}ml}l{.ling th{" systt'nls definiti{}n e'ff{}lt is essential !{}

eslat)lishing a I)reliminnry {Iesig|| and t{} 1}r{)vi{h • a valid cost data hase t{} r{'vi{'w wilh I)()D

_IS a I)arl {}[ Ih{' ALS {IeliI}{!rati{)ns.

I w{}uld h}{}k fi)rwnr{| t{} your apt}r{}val o1 our l}has{_ II stu{ty. If you would Ilc in!eresl-

{'{t in n hri{'fing {}f {},r ]}r{}gr{,ss in 1his area 1{} {tnt{', w{' w{},l{t h{" pl{'ased Io SUpl}ly iL

Sincerely,

Dale I}. My{'rs

l){'puty A{hninistral{}r

EIl('l{)slll'{"
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Ill National Aeronautics and Space Administration

Washington, 1)(; 20546

INFORMATION REQUESTED:

An assessment of the benefits and cost-effectiveness of an SDV: (1) for tile Space

Station including overall funding and schedule, (2) for other approved NASA programs,

including the Shuttle, and (3) whether these benefits could also be obtained with the cur-

rent or improved expendable launch vehicles (EI,V's) or other ALS version.

RESPONSE:

SPA(;E STATION BENEFITS

The use of the Shttttle-C concept could benefit the Space Station Program in several

ways. The Shuttle-C concept provides the capabili_" to launch fidly integrated Space

Station modules, it provides a reduction in the total number of flights needed to achieve

permanently manned operational capability, and it provides a large logistics capability.

Launching fldly Integrated Space Station modules with the Shuttle-C would reduce

the need to integrate the modules on orbit during assembly. For example, the flflly inte-

grated Space Station lab modtfle estimated at 69,300 pounds would require

29,800 pounds of hardware to be off-loaded prior to launch on the Shuttle. Such hard-
ware would then be launched on additional Shuttle flights, installed, and integrated on

orbit. With Shuttle-C, the titlly integrated 69,300 pound lab module could be launched on

one tlighl, thereby reducing tile extravehicular/intr;wehicular activity time and enhanc-

ing reliability.
The Shuttle-(] concept of compatible interfaces with the Shuttle provides flexibility in

Space Station launch packaging by its increased volume and weight capability. The recent

Space Station Transportation Studies identified how the number of STS flights could be
reduced fronl 19 to 7 hy adding five Shuttle-C flights. Tile assembly period timespan could

be reduced, if desired, from the present 36 months to as little as 18 nlonlhs. The number

of launch package end items to be assembled on orbit is reduced from 45 to 34. Phase I

assembly could, thus, be completed several ntonflls earlier than with the STS alone and
with a net reduction of seven flights and no changes in Space Station design. Further, the

Shuttle-C would pro_qde significant increased flexibility and robusmess in schedule and

weight margin for Station assembly. For example, because of the inheren! large pa,vload

capacity of Shuttle-C, late hardware articles could be delivered to the Station as an aggre-

gate payload on one Shuttle-C. This resiliency could possibly permit the compression, m

catch-up, of the assembly schedule that may not be k'asil)le with the Shuttle alone. Slips
in hardware manifested tor Shuttle-C could be accommodated without a large remani-

festmg eflbn for subsequent STS launches.
The curren! baseline for Space Station resupply requires annual delivery weight of

approximately 180,000 potmds, including crew rotation and logistics. With 103,0(10

pounds of payload capability to the Space Station, Shultle-C could help accommodate

resupply requirements.
Studies :.tle planned to investigate the tk,asil)ility of launching lhe (]rew [illegihh'

wotd] Relmn Vehich" on the Sltuttle-C.

BENEFITS TO ()TILER NAS/\ PRO(;ILAMS

The Slmttle-(', could benetit several proposed new initiatives and plam_ed programs.

Shuttle-C would provide design options to payloads now planned tor manifesting on
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smallerandmoreconstrainingvehicles.TileextrapayloadmargincouldbeusedtocanT
additionalscientificinstrmnentsor tomakecosttrades.

TileprojectedShuttle-Ccapabilitycould place 56,000 pounds in sun-synchronous

orbit (445 NM [nautical miles]/98.7 degrees) or 20,000 pounds in geosynchronous orbit

(22,000 NM) using a Centaur upper stage adapted for Shuttle-C. Polar platforms and
other payloads not requiring crew interaction could be off-loaded to Shuttle-(L Shuttle-C

would also allow the launch of co-orbiting platforms on the same launch vehicle. It would

assure alternate launch capability for all Titan/(]enlaur-ctass payloads.

NASA has examined the use o| the Shutlle-(] for several planned planeta W explo-
ration missions, including the Comet Rendezvous ,_ksteriod [sit] Flyby (CRAF)--the first

of tim plmmed Mariner Mark II missions, Cassini (tile second planned Mariner Mark II

mission), and the Mars Rover Sample Rerun+ (MRSR). CRAF is proposed as a new start
for Fiscal _'ar 1989, and it is currently plamled for launch <m a Titan IV/Centaur.

The benefit of the Shuttle-(_/Centaur (;-Prime for any o[ these missions derives trom

tim fact that tile Shuttle-C can deliver the spacecraft and a flflly loaded Centaur to low

Earth orbit. This is a significant improvement over tile current Titan IV, wherein approx-
imately one-third of the (_entaur pro[)ellants are expended in order to achieve the initial
parking orbit.

Additional pertormance provided by the Shtltlle-(_ allows added mission and space-

craft system flexibility and permits tradeofls of one or more of the tbllowing to enhance
the mission:

1. Extended observation time,

2. Additional flexibility in the selection of scientifically interesting targets,
3. Additional spacecraft propellant tor operations anti maneuvers and/or addition-

al satellite encounters,

4. Increased payload mass to enable addition of a second penetrator/probe or other
science instruments, and

5. Shorter trip time.

Shuttle-(; oflers a significant advantage for the MRSR mission by launching the rover

orbiter, ascent and descent systems, and sample return vehicle in a single launch as
opposed to the requirement for two separate launches if the Titan IV/(_entaur were used.

[:q SHUTfI,E BENEFITS

In addition to serving as an alternate launch capability, lhe Shttttle-(: would provide
|our ln;_jor t)enetits to the Slntltle: (1) An unnlanned flight test bed for new or enhanced

Shuttle capat)ilities and advanced systems, (2) reduced unit costs flom increased produc-

ti<m rates, (3) cost savings by use of older Shuttle engines, and (4) increased transporta-
tion resiliency flom the comhination of file two systems.

Several propulsion enhancements are trader study as improvements to the Shuttle,

including the advanced solid rocket tllOlor; the liquid r_>cket booster; which would replace

the s<)lid rocket booster; and, possibly, new liquid engine systems. Although these syslems
would he designed for lfigh reliabiliLv, use of the ttnmanned Shuttle-(i vehicle for the ini-

tial tlighl would give added contidence and demonstrate l)erlbrmance without any risk of
tnmlan life.

A second benefit from Shuttle-C is that the increase in prodtlction rates of STS com-
mon c<mlponents (e.g., engines, computers) will reduce unit costs. In some :treas, such as

avionics, there is also the lmteutial of losing Shuttle slit)contractors because of the low pro-
duction rates, which may be alleviated by Shuttle-C needs.

A third benefit would bc that older STS engines could tie put to productive use. The

Shuttle was designed tot reusable engines. These engines are being qualified tot 9t) tlighls
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and, wifll our conservatism toy manned tlight, will be flown only ten times. That amortizes

tile engines and, although they are worth little to the .Shuttle, they would still he highly

reliable engines for an umnanned flight. If such a costing approach were take'n, with

Shuttle-C using amortized engines, the cost per launch for Shullle-(; could be considered

to be approximately $240M per flight in 1986 dollars.
The use of a mixed Shuttle/Shtlttle-(: tleet is also expected to provide increased trans-

portation resiliency. A parametric study is currently under way which will provide an analy-
sis in lerms of resiliency (the probability o[ satist}'ing tlight rate requirements), availability

([t-aclion of the time operational), mean time to failure risk, surge capability, and cost

effectiveness.

BENEFITS FROM AIWERNATE USE OF EXPENDABI.E IAUN(:It VEHI('J,ES (ELV'S)

Another benefit of a Shltllle-(: mixed tleet derives from its oveYall reduction in cost

per flight over alternate launch vehicles. Some of the preliminm7 estimated Ivcntts are dis-
cussed I_elow.

_trc 1. l,atmch vehicle operations cost estimates compares the dollars per pound 1o
160 NM of various existing and planned launch systems. All exisling and planned expend-

able systems exhibit higher operations cost than the pr_{iected marginal costs associated

with Shuttle-(:.

_. 1.ilk" cych' cost comparison of Sht|llle-(_ versus interim Advanced l.aunch System
(;\I_S) takes into ;_.ccount both the Design, Development, Test, and Evaluation (I)I)TS, cE)

and operations costs and compares tile resuhing liik" cycle costs of S]lttllle-(] and a repre-

sentative interim AI+S concept over a range of |illegible words] life cycle cost of a [4] rep-

resentative interim ALS concept is shown as a band corresponding to the cost both wilh

and without a strongback for payload support with the shroud. The Shuttle-C has lower

DDTS, cE requirements Ihan the represetltative interim AI.S concept and lower operational
cost toe tile same mission model. For three million pounds to orbit (corresponding to

27 Shuttle-C and ?,2 ALS flights, respectively), Shuttle-C has undiscotmted life cycle costs

of ahout two-thilds of the litk" (ycle costs associated with the representative concept.

The pl()jecled ,%hullle-(_ launch marginal cost per payload I)otmd is stfl)stantiallv
lt:,'_;el Ih[tll _.ulv availahh' EI_V. The /\I_S program goal of reducing launch cosls of lhe

_bie(tiw AI,S i)V a |_lclor of ten would make the ALS more cost t,ftk,ctive at higher flight
rates, hul, until |he ALS is availat)le in the late 1990's, the Shuttle-(] would I)e the m()st cost

ell_.'ctive means oI lautl(:hing large imm;umed payh)ads.

###

L)ecemher 1987
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Document 11-47

Document title: "Report of the Space Shuttle Management Independent Review Team,"
February 1995, pp. iii-iv, vii-x, A-I-A-2.

Source: Space Policy Institute, George Washington University, Washington, D.C.

In the _'ears a/let it._ poxt-accident retu_v_ to/light, the Space Shuttle became a reliable .space trans-

portation L$_'_SIelil, but it was also extremely co+tly to operate. NASA Administrator Daniel S. (;oldin,

who came to the A/)aee a[_en(), i?+ApPJl 1992, set as two +?/his p4ohties reducing the cost of Shuttle

operations and fiudinff a way to remove ,\]_SA from the day-to-dr O' repetitive opoations _/ various svs-
ten_s, tfi_ t_oal was to]fee up A)_X4 financial and human resources.Jot an iacreasedfiu:us on reseatoh

and development activities. In ,\))vember 1994, (;oldin chmlered a Space Shuttle Manaldement

butependent l_,_,ieTv 7barn, chaired by fi)rmer Johnson Space Center Director Christopher Kraft, to

examine possible chang_e._ in the manaL_ement o/Space Shuttle operations that wouht lead to _edueed

erais while maintaining or improvin[z the safiqy (_[ the system. NASA accepted the team _ reeommeu-

datioa to cottsolida/e Shuttle opmalion._ ut_d+'r a L_#lLrle busi_e_s entity. That e_HiO_became l /ttited

Space Allimtce, an equal partnership between the Lockheed Martin (:mpmatio_ attd the Boeing

('ompa ny. What appeat:_ hcte atv the pre/hce, aek nowledLrments, executive sum ram)', a t_d fir_t appe_-
dix Of the P_,iew team k report.
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Report of the

Space Shuttle Management

Independent Review Team

The umh'rsig_ned present tile report o[ the

Space Shuttle J,latmlZement Independent Hm,iew

Dr. Christopher Kraft, Chairman

(1ol. Frank Bovman (;eorge Jeffs

Robert I,indslrom Thomas Maultsby

lsom Rigell

l iii ] PREFACE

The space shuttle is recognized throughottl tile world's technical comnmnity an tile COIl°

sulnmate vehicle tot space transportation. Its pertbrmance in placing hunlans and payloads

ill orbit and relllrning products and satellites to Earth is unmatched. Since the vehicle wa_s

declared operational in the mid-1980n, however, it has been severely criticized [br the high

cost of o])eralioll. Ill addition, inally of tile pl-o[nises made for tile shuttle have llever beell
realized ti)r a numller of reasons. For example: 1) lilt" ilnlnber ()ftlights per year thai were

|orecani never materialized; 2) the Challenger accident tenlporarily c;cst doubt on shuttle

reliability; 3) the number of payloads by olher U.S. Government agencies (particularly the

Department of Defense) wan overestimated, with many transti_rred to other launch vehicles;

4) policy (e.g., National Space Policy) and statuto_' changes were made to discourage lhe
use of the shuttle as a lannch vehicle except li)l missions thai require hmnan presence or

other unique shullle capabilities; 5) NASA continued to operate the shuttle in a quasi-

research and development mode; this was exacerbated by tile Challenger accidem.

The NASA Administrator has attempted by various means, and with reasonable suc-

cess, to reduce ihe total cost of operating the shuttle. In recent },earn, NASA has reduced

Ihe shuitle'n dircci operating conts hy approximately 25 percent--a valianl etlort consid-

ering lhe scrutiny tile shuttle receives by the government and tile press. An more bndgeI

[)lesstiren are hrought to hear and NASA nearches for funds to nse in purnuil of fllltlre
prog, rallln, however, it becallle obvious to die Adnlillistralor thai tit" shonld seek l)osnible

c|langes ill the nhntlle nlanagelnent strtlclnre. An a renulI ot dincunsionn with a llnlnber of
advisors in the goveFllnlenl, the aerospace indusli),, and |iirlner NASA leaders, lhe

Administrator decided to thrm a teanl composed of some of these people it) review the

present shuttle operalion management and to propose innovative approaches to nignifi-

canilv decrease total operating costs while maintaining systems safety.

li NASA in snccennflil in blinging about a new approach to spaceflight operations, it will
add to N;SuSA'scredibili_' as aii ag,ency _>ii the tilreliont o|reinvenlillg goverlllilelll and provide
a inodel [or the nianagenieni _l| fulure proglains and their Iralinilion io the privale necioi;
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Shuttle Program. ,-ks is the usual case, many of tile ideas presented herein came ti+om these

dedicated and conlpelen! people.

.JeflBanfle and Clifl'Fanner provided a gn-eal deal o[ettorl lo bl-ing tile vaJtten word to paper
and are t3.+)ical of Ore fine young people that reside in NASA. They are all anxious to continue a

productive and exciting sl)ace prognml, which xdll provoke new knowledge and technolob,_,.

(;hristopher C. Kraft . . .

[vii] EXECUTIVE SUMMARY

At the request of the NASA Adminislvalor a team was formed to review Ibe Space

Shuttle Program and propose a new management system lhat could significantly reduce

operating costs. Composed of a group of peol)le with broad and extensive exl)erience in
spacellighl and related areas, the team receiw_d t)riefings t)om tile NASA organizations and

tnosl of the supportitlg contraclors involved in the Shuttle Program. In addition, a numl)er

of chief executives t?om the supporting contracl<)rs provided ad_4ce and suggestions.

Tim team found Ihat the present management sysletn has timctioned reasonabh, well
despite its diffuse sltuctrue. The team also determined that Itlc shuttle has beccmle a

mature and reliat)le system, and--in terms ofa nlanncd r<_ckct-propelled space launch sys-

tem-is about as safe as today's teclmology will provide. In addition, NASA has reduced

shuttle operating costs I)y aboul 25 percent over the t)ast 3 years.

The program, howeven remains in a quasi-development mode and },earl), costs remain
higher than required. Given lhe current N_,_A-conlraclor slrtlclrlre and incenlives, it is ¢1i1_

tict,h Io establish cost reduction as a l)rimmT goal and implement changes to achieve etli-

ciencies. As a resuh, the team sought to elCalf, a llritllagelllelll Sl_l'[lCllll'e arid associated

environment that enables and molivates tile Prognmr Io thrther reduce operational cosls.

Accordingly, ltlt" rcvicw teain concluded Ibm lilt NASA Space Shultle Program should

( 1) Establish a clear set of program goals, placing a greater emphasis on cost-efficien!
operations and usmqriendly payh)ad inlegration.

(2) Redefine the management slrrlclllre, separating dcvelopmenl and operations and

disengaging NASA from the daily operali(m of Ihe space shuttle.

(3) Provide the necessary environmen! and c<mttilions wiflfin tile program to l)tnsue
these goals.

Wifll over 65 successtttl launches, operations have t)ecome qtfite reliable. At tiffs stage

in the Shuule Program, cost-efficient operations and uselqrielldly payload integration

should I)e pursued ahmg with salb and successftfl tlighls. If the Program is to meet lhe

challenge oF reducing costs and streamlining payload inlegration, il will require a m;_jor
change in how lhe l'rogram Ol)crales.

Given lhe malurily of lhe vehicle, a change to a new mode of managemen! with con-

siderably less NASA oversighl is possible at lllis lime. In addition, the bureaucracy lhal has
developed over the program's lifetime--and particularly since the Challenger accidenl--

will be (tifticuh to overcome and the Ol)limum operational eftectiveness of tilt" system will

be dilficuh to achieve unless a new management system is provided

[vii] The warn considered a mind)or of new manage,hen! aplmmches. These included to

(1) Slav with the present system and cotrlintw to decrease cosls in tile incremental lash-
ion used to dale.

(2) Implement a multi-node system, consolidating contracts in each of tire major geo-

graphical areas (i.e., the Kennedy Space Center in Florida, Marshall Space Flight

(]enter in Alabama, and Johnson Space (:enter ill q_xas), each managed by a prim,:

c(mtraclor wilh conlinued NASA program management.
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(3)Consolidateoperationsunderasingle-businessentity.

Thetemnconcludedfllatconsolidatingoperationsunderasingle-businessentitywasthe
mostadvanlageous.Thissingle-businessapproachisachangefromthepresentoneofgovern-
mentcontrolwithindustlyresponsetothaiofgovernmentdirectionwithindustlToperation.

Themulti-nodeapproachpossessessomeofthesamefeaturesthatcausethepresent
systemtobecunflmrsomeandexpensive.Bothoptions(1and2)donotprovidethecen-

tralization of control necessary to eliminate dul)lication, the disengaging of NASA from

day-to-day direction necessary to reduce requirements, and the incentives necessary to
motivate cost reduction. One of the critical deficiencies in today's program management,

and one that the multi-node approach also su|fers from, is the lack of a single responsible

agent among all of the contractors supporting the program. As a resuh, no one entity tz+ets

the total responsibility fin tile shuttle operation; theretore, no advocate exists tor overall
cost reduction. This deficiency is the major tault with both the current program structure

and the multi-node concept.

Several diff,'rent single-business approaches were discussed with the prime contractor

option considered the most achiewtble and practical. Other + concepts, including a busi-

ness consortiu,n, joint venture, and govemmenl owned-contractor operated (GOCO)

anangement, involve complexities that are ditticult to overcome in any reasonat)le period

of time. In addition, sdecting a prime contractor flom among the current contractors, as

opposed to an open competition, could accomplish all of the obiectives in a less disrup-

tive and more expeditious mannm, realizing potential cost reductions more quickly.

The proposed single-business managernent system will require a steadtas! connnil-
tnent fronl both NASA and Ihe aerospace indtlstry to ensure success. NASA mus! be will-

ing to define clear shuttle operating requirements with limited oversight. The prime

contractor nnlst be willing to assunle responsibility tot sal}e and productive operations.

This requires the assignment of compelent and experienced people at all levels and lhe
dhecl attention of to l) management. For its commitment, the contractor musl bc reward-

ed with appropriate incenlive fees. Tile government in-turn must provide similar talen! in

program management and a guarantee that the contractor will not be encumbered with

burdensome and unnecessal T oversight.

[ixl Thv new management approach will require the tollowing immediate actions:

(1) Freeze tile current vehicle configuration, minimizing future modifications, wilh such

modifications delivered in bloc updates. Future bloc updates should implemenl mod-

ifications required to make the vehicle more re-usable and operational.

(2) Perform a requirements review, top down, with the goal of significantly reducing

checkout and other requirements based upon ot)erations experience.

(3) (:onsolidale and re(|tl(t" prograln alld project elements, limiting NASA involvement

in olJeralions and minimizing NASA-contractor intetfilces.
(4) Resll-ttclure and reduce lhe overall Safety[,] Reliability[,] and Quality Assurance

(SR&QA) elentents--withottt reducing sa|_qy.

(5} Streamline payload processing and integration, minimizing costs and Yeducing the

length of time required to integrate a payload aboard the space shuttle.

(6) Structure ol)erational contracts tt_ provide real incentive to reduce costs while accom-

plishing safe and successful missions.
(7) Allow Ille hiring of NASA 1)elsmtnel by the prime and subcontractors to ellsure prt)l)-

er expertise and talents exist to continue wifll safe and successful operations.

One of the ma.jor stipulations to achieve cost reduction is to freeze the present shut-

tie configuration and pertorm only lhose changes required to carry out tile individual

tlights. (:urrentl B change and updale are continual and pervasive at all levels of the pro-

gram and seize a significant amount of attention, focus, and resources. To become an
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operationalprogram,theshunleconfigurationmustbenlorestable.Toaidin tilt"transi-
tionprocess,thepresentNASA+lla++agellle+It system would c<)nlplete the development of

presently apl)roved changes and then be phased out.

Additionally, turnaround, lamlch, and mission requireme,lns should be diminished

based on operational experielwe. (]urrenlly, for the orbiter alone, app,loximately 150 hard-

ware package changeouts are perfiwmed belwee,ll each flight; yet an average of only 10 in-

flight anonlalies, most of which are inconsequential, occur during each nlission. Matu,l'ation

of ill+."vehicle checkout require,lnenls has, clearly, not kept pace with tile vehicle hardware,

and ,ledundanl sut)systems are n<)l being used to provide operational tlexibility.

Once the new management str+tctl++-e is in place, el+ik:iencies ca+t be ,lealized through

tile consolidation, reduction, and elimination of funclions. This will I)e a challenging task

considering the diffl+se state of the current NASA-contractor structure. Duplication and

overlap have developed throughout Ihe progvatn.

()he of the most apparent examlfles in this regat<t is the atea of SRS,cQA. +ks a +esuh

of the Challe++Eer incident, a "safety shield" philosophy has evolved[,] c,leating a difficuh

management situation. Managers, engineers, and business people are reluctant to nlake

decisions that involve risk because of the fear of l+evsecution. As a result, a parallel and

independent SR&QA elenle+lt has g++own to large pvopo,tions. This is not only significant

with respect to direct costs, but has ;It+ even gleatet impacl when suppot+ting efforts are

inchtded. Restructuring and slt+eamlining [x] SRSc(_A throughout the Shuttle lhogvam,

n+aintaining only the necessat T checks and balances, must be acc<mtplished to achiew' sig-
nil|tan| cost reduction.

As the Shuttle Program Iransitions to an operational program, payload prot+essing

must be streamlined, with an associated reduction in cost and lenglh of ti,lne required to

integl-ate a payload. As this lakes plat+e, payload operations me|st change tiom "defensive"

to more cuslotne,l_oriented. Toward this vnd, payload operations would become an inte-

gral part of mission and launch operations with attendant streamlining of organizations,

pe<)ple, and l)rocedures.

Tt) ass|lille greater operational lespmisil)ility a+ld risk, it will t)e lleCessatv to provide

the contractor with the opportunity to realize a pt+ol]t. Prope+ conltact incentives will be

ileeded It) ellStlle the contlaclof teaill pe+'fol'tlls the necessal+y steps to ,le(hl(e ¢ost,

Greater and longer |elill sharing of cost savings, along with appropriate penalties for nlal-

ginal pet+fortna,llce, will be required to provide the t'olltl'aclof with the motivation to sig-

nificantly |educe costs while maintaining satk" and successful operations.

Finally, ensuring tile NASA-e<)tmactor learn has the expertise required to operate the

shuttle is o[" significant ¢:ont+ern. In the prese,llt aerospace induslry, it may 1)e difficuh to

assetnble all of the necessary talent and resources to assunle tile responsil)ility for shuUle

operations. Therefi>re, initially, this will require private indusl,ly to hi,le NASA pet+sonnel

and/or utilize specific government enginecl+ing organizations with critical skills until

tllese skills can I)e developed tronl within. It is also important when constructi,llg the con-

tractor teanl t() recognize CUlTellt expertise that has ah+eady been developed. An example

of this is in tilt" areas of orbiter obsolescent|: and sustaining engineering where specific

expertise and experience is necessaly to continue to operate the vehicle. Building the

NASA-contract<)r team will require special attention to these types of isstles.

The transition process will entail the developnienl of a program office by the select-

ed prime contractor. The present NASA progranl and I)r<+jecl <)ffices would bc used to aid

tile ptime contractor through tile initial developnlent of this new operaling concept. As

the conlract<ns' skills mature, they would continually assume greate,l +responsit)ility. The

team believes this transiti<)n should be expedited with the overall transilion time depen-

dent on lhe specific shullle element, the lechniqt+es emph_yed by NASA to rearrange the

contt+actual resp<>nsibility, and the conmlitnle,ln by all parties to bring about these sig+lifi-

cant changes ....



404 DEVEI.Ot'IN(;TIlESPACE SIIU'I°I'I_F[

[_11 APPENDIX A--SUMMARY OF RECOMMENDATIONS

Reconunendation 1: Eslablish a more balanced set of goals lot the Shuttle Program, with

a greater emphasis on redncing operational costs and making pwload integration more

user friendly. The following goals provide a better balance between operations and sa|ety,

and address the overall NASA objective of reducing the cost of access to space.

(1) Perfbrm safe space shuttle operations while accomplisbing mission objectives.

(2) Reduce the cost of space shuttle operations.

(3) Provide user-friendly payload integration.

Recommendation 2: Modify, thc program's management structure, separating develop-

lnenl from operations[,] and relinquish the majority of the operational responsibility to a

prime contractor.

Recommendation 3: Minimize vehicle modifications. Freeze the current vehicle hardware

and software configuration, hnplement fitture modifications rising a hloc update concept.

These bloc updates should be just|tied and only made to improve safety, reduce operating

(<)sis, make the vehicle more reusal)le, or lest lleW technologies.

Recommendation 4: Initiate a requirements review, top level down, with the goal of sig-

nificantly reducing requirements based on operations experience. This type of review

could significantly reduce vehicle turnaround and checkout requirements based upon

hardware reliability, criticality, and redundancy.

Recommendation 5: Ensure fimne performance upgrades to support International Space

Station Alpha (ISSA) or o0mr payloads are established through a systems engineering

process It) determine the most advantageous and cost-efl_:ctive approach.

Recommendation 6: Reduce NASA involvemenl and oversight in lhe operation of the

space shuttle, lransterring responsibility of daily operations to the contractor. Space

Shuule Program and Project elements should be consolidated and ,-educed with NASA-
contractor inlert:aces minimized.

Recommendation 7: Restructure and reduce the overall SR&QA element.

Recommendation 8: Streamline payload processing and integration, minimizing costs and

reducing the length of lime required to integrate a payload aboard the space shuttle.

Recommendation 9: Structure operalional contracts to provide real incentive to accom-

plish sail" and successful missions.

Recommendation 10: NASA must pursue innovative approaches in assembling and sup-

porting the prime contractor team. Tiffs could include the hiring of NASA civil se_'ants by

the contractor and initially allowing the contractor to use specific government capabililies.

[A-2] Recommendation 11: .all artificial barriers which preclude the shuttle tiom cariTing

Cellaill types of payloads should be removed. This would require policy and statutOlW

changes which currently discourage the shuttle flom carrying commercial payloads.

Recommendation 12: As the prime contractor management approach develops and

matures, NASA should consider further induslry involvement and progression toward dw

priwttization of the space shuttle ....



Chapter Three

Commercializing Space Transportation

by John M. Logsdon and Craig Reed

The precedent that the United States, through NASA, would launch satellites for pay-

ing customers was set as early as 1960. That year, American Telephone and Telegraph
(AT&T) asked the space agency whether it would launch, on a reimbursable basis, an

experimental communications satellite to be developed by Bell Telephone I,aboratories.'

However, the notion that launching satellites could become an economically profitable

undertaking, with the potential for being the basis of a commercial business, did not

emerge until two decades later. It was not until the 1980s that international organizations

and private-sector firms made plans to place an increasing number of communications

satellites into geosynchronous orbit. This led to a series of developments during the 1980s

that created a commercial launch industry in the United States and Europe, ahhough not

without conflict among governments and between the government and the private sector
in tile United States. Mso during the 1980s, the Soviet Union and China took tile initial

steps toward being competitors in the commercial launch market. In the 1990s, the com-

mercial launch indusuy saw vigorous growth, including a number of joint ventures among

firms from various countries. This chapter traces the dewdopment of this sector of space
transportation activity.

The Space Shuttle as a Commercial Launch Vehicle

In 1972, and fbr almost the following decade, the L"nited States had a monopoly on

"free world" access to space for any payload of significant size. This monopoly (except for

the Saturn boosters used in the Apollo program, which were never used for launching

commercial payloads) was based on adapting rockets first developed as ballistic missiles

for use as space latmchers--the Thor Delta (later only known as Deha), Atlas, and Titan

vehicles. ()nly the Soviet Union, which also had adapted its ballistic missiles as space

launchers, possessed lmmch vehicles of similar lifting capability, and in the Cold War envi-

ronment of the time, there was no question that the United States would not allow the

launching of Western-manul'actnred satellites on Soviet launchers. At the beginning of the
1970s, Europe was dehating whether to develop its own autonomous means of access to

space, and Japan was developing its launch capability using licensed U.S. technology

under tight restrictions regarding the launch of third-country payloads. China was in tile

early stages of developing its space launch capability. Thus, planning for the Space Shuttle

proceeded on the assumption that it would be the launcher used by all U.S. payloads and
most payloads launched by other countries, international organizations such as the

International Telecommunications Satellite (ÁNTEI,SAT) consortium, and any other pri-

vate-sector entity desiring to put a satellite into orbit. In this light, expendable launch vehi-

cles (ELVs) would become ohsolele once the Shuttle hecame operalional, and Iherefi_re

1. See ER. l_lppel, Preside'hi, Amt'rican Telephone and 'li:lcgral)h (;ompan_q (olhc Honorable James E.
Wcbb, A(hninislrator, NASA, April 5, ]gill (with several attachmenls), reprinted as Document [-9 in John M,
Logsdon, gem cd.. with Roger D, l,atmms, I)avid tt. Onksh and S_ephen J. (;arber, Exploring the Unknown:
Selccled D<)('umcnls in the History of thc U.S. Civil Space Program, Vohtmc Ill: Using Space (Washington, l)(::
NASA Special Publication (SP)-4407, 1998), 3: 46-57.
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theirpr,,chu'tion,atleastinthe Unite¢l States, would cease. The ccononlicjustil]calion lot

tile Space Shuttle HSSUItIcd _1 VOI)" high launch rate, spreacling the fixed costs of operating

tile Shtlttle over many lallnches and tht'rehy keeping the cost per latlnch low. 2

The Space Shuttle launch price tor

nongovernment users announced in 1977
was $18 million (1975 dollars) for a Shuttle

launch in which the whole payload hay was

used, phLs an instLrance charge and a user's

lee. For payloads requiring only a portion
of the Shuttle's I_foot by 60-foot payload

bay, the charge would be reduced in pro-

l)ortion to the length of the payload bay
used (and also tile weight (if the payload).

Thus, a payload using only 15 feet of the

bay's 60-foot length would pay only 25 per-
cent of the launch fee. The result of this

approach wits that an iuitial Shuttle price

for launching a "Deha-class" communica-

tions satellite was approximately one-half

tilat charged at tile time for a Delta EIN

htunch era sinlilar payload (Figure ,3-1)?

Thus, in the years before it actually began

operation, the Space Shuttle seemed to be
il verv ;.llll-iictive way for c(inullerci;tl risers to

get their payloads into space, ;tlid there was

little prospect for a U.S. COllllllerci,_ll space
latilIch industi'}' operatill_ separately l]om

tilt" Shuttle. 1,7l,u,_, 7-1. One o[ flu" prin, ipal <ommeiHal _pmc laumtl

I|owever, hy the tilne tile Space Shuttle ve/mle_ ol lhe I'niled Slal+_s, he_' a lD'lla s/ls oft the laumh

was first launthed ill April 1981, two devel- pad at ('ape (.'amtveral. (photo tourtesy o[ ,UH.IomxHI

opnlents had telnpered the optimistic l)<mgbt_ ('o_poratiom NeK, no. (7(7127(L3575)

assuniptions of its developers. First, NASA's
estiniate of the numher of llights through 1991 had dropped tiom 572 to 487; this, com-

hined with design changes and inaccurate cost estinlates, led to an anticipated average

cost per 1light that was 73 percent higher than had heen Ihe basis used t0r the original
pricing policy. This lnade it eveli lliore i_lrgellt thai NASA spread the fixed (lists of Shutlle

operatioli over as If/lilly flights as possible.*
Moreover, a threat to the Shuttle's donlinance of the launch market had materialize¢l.

The European ELV, Ariane, had a tirst successful tlight ill l)ecentl>er 197{) (followed hy a
taihue ill its second flight in May 1{t8t)). Europe, with France ill the leading role, had

decided ill 1{17!3 to develop its OWll EI,V in 1973 after tilt' United States had laid dowll whal

were considered unacceplabie conditions under which it we(lid llnntch the French-

(;erlil_ill experilliental COlllliUlllit'illioIls satellite Synlphonie." I,aullclliilg satellites I<l

9. (:_mgrcssitmal ltudgct ()tli(c. lbi¢i#it_f)plirm_ [iJ#lhe,_']mte_ihuttle ('_'a_,hillt_l¢lli, I)(:: l.S. (;ll'_l'l lilllt'lll

Printing ()tticc, Mail h 19_45), p..I.
2t. ()ltilc ol lt'chnohlg_, ' A_,_,i.'sMIICIl|, Ittlr_nalimtal (.o@f,mtTim mid (:tJm[u'liliott ill (;il,ilirt_l _,]m_r ,l¢ltvili¢_

(Washington. DC: U.S. (;overnment Prinling Otticc, 19851, p. 131.

4. C_mgressiona[ Budget Ollice, Pricing Oplkms, p. 4.

5, See l)t'pitlllll('lll i11 St(tit" Telegrani, "Johnson 1.otter t_ t_eti'vre." September 7, 1{171, rcprintcd as

l)otunlenI 1-7 'j in Iohn M. l.ogsdon, gcn. ed., wilh Dwayne A, Da)and Roger t). l.aunius, #':xphn'i_*IZ tlw I:nkmmm.

.geleHed Ihuumenl_ in ttu' lligtm 3 rJ[ the I "_,. (:ivil .S]uue l'roKmm, lblume ll." I"xtelmd lgehtlionship_ (!tYaSllillgl_n. l)(::

NASA St'-.l'll)7, 1991i), 2: 59-62.
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geosynchronous orbit was a primary mission fi}r Ariane, and thus tile rocket was {}l)timized

for that mission. In March 1980, the deveh}pers of Ariane, again led bv the French gov-
ernment, formed a quasi-private organization, Arianespace, to market the lam]cher {m a

commercial basis as an alternative to the Space Shntde for lannching commercial com-

municati{ms satellites. Arianespace soon after aml{}mwed a goal of capturing one-third {}t

the launch market--a market that previousl,v had been a U.S. monopoly. Also in 1980, the

member states of the Enropean Space Agency (ESA), the deveh}per of Ariane, agreed t{}
upgrade tile launcher so that it could latmch two small c{}nmumications satellites at Ibe

same tiine. This would make the Ariane price for a satellite laimch competitive with that
being offered by NASA for Shuttle launches. In .Imle 1981, Ariane conducted ils t]rst

launch for a paying customen and in January 1982, ESA deci{ted {m a filrther upgrade of
Ariane to make it an even more powerfid amt m{ne tlexible launch vehicle. '_

This challenge to U.S. dominance in a key area {}f sl}ace activity pr{}dnced a strong

reaction in the White House, Congress, and tile new NASA management team led bv
NASA Administrator James M. Beggs that came into office with the administration {_t

President Ronald Reagan in 1981. In its first slatemeni {m space policy, issued November
13, 1981, tile Reagan administration announ{ed thai "the United States is committed to a

vigorous effort that will ensure [space] leadership" and that the Space Shuttle w{}nld I}e

"a vital element" in providing such leadership£ This was fhllowed by a July 4,1{,182, slate-

ment of National Space Policy, which declared in its opening paragraphs that "the Space
Shnttle is to be a major factor in the filture evoluti{m of United States space programs."'

It was clear by the end of 1981 that a new Shuttle pricing policy was needed, t}oth t{}

reflect initial experience and to better compete wilh A,ialw. In 1977, NASA had commit-

ted itself t<> recovering both Space Shuttle {teveh}lnnent arid operating costs thr{mgh

lam_ch fees; as operating costs rose, it l)ecame obvious that b{}lh they and devel}}pmenl

costs c{}uld not be recovered by the original Shuttle pricing i}olicy. On the other band,

using tile same cos! rec{}vel T basis as had been used iii 1977 I{} set a Shuttle price would

have pr{}{l.ced a lamlch tee so high that it wo.ld not t}e {{}nli}elilive with Ariane.

Ariane's c{}mpeliliveness became vMdly apparent in 1!}82 as {;TE Spacenet I}ecame

the lirst U.S. firm to sign a c{}ntract with Avianexpace t{} launch its comlnnnicati{}nx salel-

lites aboard the Emopean rocket. A 1982 NASA report suggested that "the present pro-
.jection {}f capital h}xt to Ariane is estimated to be $3 billion throtlgll 1{,184, if eveJ_, _
compatibh_ U.S. customer used Ariane. ''_ While there was little chance of such a shift to

Ariane latmches actually happening, NASA and the White House were clearly disturbed

by the possibility of significant Arianespace penetrati{}n into the U.S. market (Figure 3-2).
Thus in 1{.182, NASA changed its definition of which {:{}sis of the Shuttle were t{} be

rec{}veved, and the space agency devise{I a new pricing policy based on this change. Any

pretense of recouping tile nl(}re tllan $5 billion cost {}f Sht_tde development was al)al/-
doned. The price was $71 million (1982 dollars), and it was t{i be in effect ti}r launches

from Octot)er 1, 1985, dH{mgh September 30, 1988. The earlier price ($18 milli{}n in
1{.175 d{}llarx, {}r $38 million in 1982 dollars) would remain in effect until then.'"

[;. S{'(' SI{"¢{'II .]. Isakowilz, e{I., h_tervtational lCefi,_,me Cuid_' to Spare l.aum'h ,%_tem_, 2d cd. (Washington,

1){:: Am{'li(a;l lHslitut{' {}fAcr{}nauli{s atHl Aslr{}n;tuli{s, I!Y:}5), fi}r infi.m;tli{,] {}, /\rian{"s d{'vt'lopm{'nl.

7. The While Hous{', National Security I}e{'isi{}ll l)irc(liv{" {NS[)I}} i, "S])a{'c Tralls|}{}rlatioll Svsl{qlh"
N{}_t'mbt'r 13, l,q_l.

8. 8c¢' NSI)I} "]2, +'Nali{>nal Spa{{ + Pi.licv/'Jtdy .I, 1!}82, l}. I., r{+i}rivut.{I as I){}cum{'llt I11-3_1 in.l{,hn M.

l.ogsd{}t+, g{'n. {'d., with l,indaJ, l,{'an Jannellc WatTt'ti-Fit_{Ih'y, Ray A. Willialn_O,L and I)'e,';tyllC A+ Day, t'.',,+]Jlm,iP+l.r

the U+Pkmm,m 5,elected /}+umne+Pt+ i+_ 6+e Ili+t+ny _,! lhe I /.._;+&'i+,il L_;pm"' I'_+,_mm, Udum+' h O_i_++++izinA_li,+ l(xpl,,+uti+m
(Washittgt{,], I){2: NASA ,%P-4407. 1!}95), I: 590-93.

!}, Itml., I}. 135.

II). {:{},gx{'ssi{Mal Bt_{lg{'t ()tfi{{', I¥#ing O/;ti_m_+ p. 5.
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Mttlough tile conlpetition belween tile

Space Shuttle and Ariane hinged primarily

on their comparative price, other factors

were also involved. As a quasi-private orga-

nization, Arianespace was able to employ

private-sector marketing techniques, flexi-

ble financing arrangements, and other

methods of attracting customers. In

response, NASA, while operating within the

limits of its governmental character, began

to actively market the Shuttle to most of the

same potential customers t)eing courted by

Arianespace. A NASA advisory group in
1983 noted:

lain inten,sive high level marketing e[]brt on

beha(J o/Shuttle utilization is waiTanted. In this
context, marketing means to develop and imple-

ment a broad scale and long range plan to

involve incwasing numbers ojuser_ in the explo-

ration of S_IS [Space Transportation 5_vstem,

another way o]designating the Shuttle] capabili-

ties. It thus im,ohJes market anal3,._is, planni,g,

advertising, customer service, financing, and
insurnnce, to name a Ji'w an'as. It must be a high

level, ,_trongly h'd _j]brt, with the active partici-

pati,n q/ NASA top management to the
Administ)zttor level."

I"ilZu_e _-2. 'lhe A_Tam' laur.h vehiHe, dm,H_rped tr_, Ihe

I'uml)ea_ .";patw Agent 3' in the 197¢)_ amt [h_l ,'_le,qnlZ r_per-

all(mat selT,tre in the mg_ I95Y)_, ha_ been o_lr ./ the m.ff

important ct_mpetitm:_ [i. t:.S. btumh _apabilily. Ifew apa

.Dqane i_ at it_ htumh site at the I'_q4 ht_utch [mility i.

K.urou, French (;uiana, (NASA pit.t(,)

Ahhough it was highly unusual |or a Federal agency to undertake such a markeling
ettort, NASA set ahont the task. In promoting the Space Shuttle, NASA's marketing peo-

ple produced a glossy, colorful ma.rketing brochure tilled IA_, Deliver. This document
stressed the Shuttle's "remarkable suitability tot delivering communications salellites to

earth orbi! " and its "reliability assets" thai "set il apart from its expendable cotmterparts."

The bvochtwe also emphasized the Shuttle's "llexibilily and expanded capabililies Ihal

provide the opporlttnity to significantly improve satellite designs by taking advantage of

the new features that only the Shuttle provides." [111-1 ]

From 1983 toJanual T 1986, NASA and Arianespace engaged in a vigorous gh)hal (ore-

petition ti)r available commercial launch conlracts, with both viewing their success as
linked to Ihc relative slanding of their Snl)porling nations with respec! to space leader-

ship. The resnll was a "buyers' market" tot commercial c()mmunicalions satellite I)uil(h'rs

and operators desiring access to space.

Origins of the Commercial Launch Industry

The July 4, 1.t)82, stalement of Nati<)nal Sl)ace I)olicy made final the decisi<)n lhal

NASA wotd(i n() h)Hger or(icy more l)eha an(l Alias latln(h vehicles. In addition, and with

significant misgivings, lhe Air F(:,rce t)egan the l)r_cess of shuuing down th(' 1)r_tluction

11. QII()I¢',:t ill ()tthc c)l 'Ikwhn(do_,5' A_ssessmcnt, lnte_.ttional C..l_erati.n, p. 3,1 I.
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lines for the Titan vehicles used to launch the highest priori_' national sect, rity payloads.

During the 1970s and early 1980s, there had been 11o significant govermnent investment
in upgrading ELV capabilities and facilities, once a tentative decision had been made to

launch all government payloads on the Shuttle when it became operational. The aero-

space industt T, used to having the government fund all launcher-related research and

development, (lid not replace government flmding with induslrial investment. This meant

that in the early 1980s, U.S. E1.Vs at best embodied early 1970s technologies, as their pro-
duction lines slowed to a halt.

Even st), some of the manntacmrers of these proven hoosiers and otl!ers interested in

commercial opportunities in space saw an opportunity to compete with the Shuttle and

Ariane tbr commercial launch contracts, if only on what they considered a tair basis. They

noted that the actual cost of operating the Shuttle was much greater than the price being

charged by NASA to commercial users and that the Shuttle was having trouble meeting its

launch schedule c<mnuitments hecause of its complexity and rapid transition to an oper-

ational status. There seemed to he a market opportunity for private U.S. providers of

launch services, if only the U.S. govermnent support that made it possihle tot NASA to

kee l) the Shuttle price low (and the European governnmnt support that allowed
Arianespace to keep the Ariane price low) could somehow be lessened.

In addition to those interested in corn- ........... __++........ _-+,:--,-+, _r

me,+cializing existing H.Vs, in the early

1980s, several entrepreneurs proposed

developing new, privately financed space

launch w'hicles, particularly for the small

satellite market niche that the Space

Shuttle did not serve economically. '_ While

they were mostly on the periphel T of the

space policy scene, these space commer-

cialization entrepreneurs became increas-

ingly visible and active during this period.
One of the earliest of these ventures, for a

launch vehicle called Pel-cheron, resulted

in a launch pad explosion in August 1981

(Figure 3-3). The Conestoga I, a successor

to the failed Percheron developed hy Space

Services Inc., was successfttlly launched in a

suborbital tlight in September 1982, mark-

ing the first successfi,I test o[ a privately
funded U.S. launch vehicle.

The Reagan administration included

many individuals interested in promoting

the commercialization of space overall;

they were sympathetic to those interested in

commercializing launch services. Their

sttpport led to a series of moves during the

I"il, rupr 3-3. "l'ke I>ercherrm, a privatel'_, dm_eloped rm'ket, stl,_ at

MataL,_nda I_blml, Texa_, on A u_,t_t 5, 1981. (NA 5;A photo)

12. Several of these attcnlpted privaw vcnlures are discussed in Michael A.(;. Michaud, I¢?aclmqzlor the

tlilEk I"m_tlie_." The :lineman I'ro-_/m_e ,.Uovtme*_t Iq72 1984 (New x,;:)rk: Pracgcr, 1986), _52-7<).
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1983--85 period intended to creale, independent of NASA, a commercial space trans-

portation indusu T in tile United States. A White House-mandated review concluded in

April 1983 that "a U.S. commercial EIN capability' would benefit both the USG [U.S. gov-

ernment] and the private sector and is consistent with the goals and objectives of the U.S.

National [|uly 4, 1982] Space Policy." [Ill-2] Based on this assessment, the White House,

on May 16, 1983, issued National Security Decision Directive (NSDD) 94,

"('ommercialization of Expendable launch Vehicles." [IlI-3l This directive stated thai
"the U.S. (;overnment fully endorses and will facilitate the commercialization of U.S.

Expendable I,aunch Vehicles." The statement went on to say that:

The U.S. (;ovemlnu, nt will license, supervise, and�or regmlate U.S. comme_rial expendable

launch vehicle operations only to the extent required to meet its national and international obligations

and to ensure public sa]_'(_,.
The U.S. (;overT_ment encourages the use q/ its national ranges fi_r ( :.S. commercial expendable

launch vehicle tq_erations .... [T]he U.S. Government will ident!_, and make available, on a reim-

bursable basis, facilities, equipment, tooli_g and services that are required to support the production

and ¢rperation oJ IL S. commercial expendable launch vehicles.
The U.S. (;overnment will not subsidize the commercialization ¢_[expendable launch vehicles but

will price the use q its facilities, equipment, and services consistent with the yml of emwura.t,,'inL_

viable commercial expendable launch vehicle launch activities.
The I LS. GtnJernnu'nt will eru'ourag_ fn'e nuzdxt competition among the various .D'stem._and _wncepts

within the U.S. private secttrr. . . [an&... will pnnmte equitable treatmem fi_r all commmcial launch

opemtor_.fin" tlw sal_ or lea.w of grrvernnu'nt equipment and Jm:iliti:_ c,nsismU with its.., interests.

Under pressure m demonstrate its supl)ort for the White I louse policy on behalf of

the commercial latmch industry, a reluctant N.MSA issued a solicitation to prospecliw" con-

uactors interested in commercializing NASA's Atlas and Delta launch programs. The only

responses to this formal NASA solicitation were avmy tentative one from General

Dynamics for the Atlas and a more positive one froin Transpace Carriers, a newly formed

marketiqg organization interested in commercializing the Delta (Figure "_,-1). Notably,

McDonnell Douglas, the nlanufacturer of the Delta, did not submit a response; its execu-

tives acknowledged that the Delta was both too limited in its lifting capabili0:, to meet future
Colmnunications satellite requiremenLs and unable to compete against tile Space Shuule. '_

While it was willing to continue to bnild Delta launch vehicles fiw Transpace Carriers,

McDonnell Douglas was unwilling to undertake the tinancial and husiness practices ini-
tiatives necessax T to market and provide commercial launch services at that lime. In addi-

tion, McDonnell Douglas and other industry decision makers ill firms were motivated bv

a desire not to risk angering NASA, an important customer, by going into competition

against NASA's Space Shuttle program, as well as recognizing their tuture husiness oppof
tunities tied to the success of the Shuttle program. For McI)onnell Douglas, this included

a substantial company investment in a commercial upper stage ti)r tile Space Shuttle,

known as the Payload Assist Module D, as well as substantial investments in commercial

Shuttle materials processing f_tcility payloads. For other m_jor launch svstems c_)ntractors,
such as Martin Marietta, this included the Shuttle's external tank. Most of the other tnaior

aerospace contractors also had some vested interest in the success of tile Shuttle program.

l)espite the hesitation of tile larger launch vehicle firms, the plans o1 smaller entre-

prcneurial firms, such as Space Services Inc., drew tile attention of hoth Congress and the
White ltouse. In Februaz T 1984, President Reagan signed Executive Order 12465 on

"Commercial Exl)endat)le Launch Vehicle Activities." l,ater that year, Congress passed a

13. 31pa_*Bu_im's_,\'_'w_,August t 8, 1985;Alan B. Kt'hh'l, tclcphon<' intcp, iew by ( ;raig Reed, Mar_h I,l, 1997.
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hill,signedintolawbyReaganonOctoher30,1984,knownasthe Commercial Space

I+atmch Act. [Ill-4] Both of these actions were aimed at streamlining the regulatol T

processes that seemed to have a particularly adverse affect on the viability of smaller
domestic commercia] latmch start-ups.

Executive ()rder 12465 t`lesignated the Department of Transportation as "the lead
agency within the Federal government fi)r encouraging and facilitating commercial EI+V

activities hy the I_Jnited States private sector," and it detailed a tmmber of responsibilities
the agency would have as lead agency. This designation came after a protracted executive

branch competition, which pitted the I)epartment of Transportation against the

Department of(3m|merce for the commet+cial latmch market oversight responsibility. The

Department ofTransportation argued that space launch was just one more mode of trans-

portation and the fimctions and responsibilities associated with regulation and promt`)tion
o1 the latmch industry were similar to those aheady pert_:)rtned hv the Federal Aviation

Administration t+or commercial air travel, which ah'eadv was tnider+departmental jurisdic -

tion. The Department of Commerce argued vehemently that the joh was fimdamentallv

one of supporting the development of commerce f_r a new industrv--a |traction similar

to those aheady perI'ormed by the department on behalf of other'domestic industries.

Ultimately, the sqtmbhle was resolved at a "principals-only" meeting of the White House

Cabinet (;otmcil on Commerce and Trade on November 16, 1983, with President Reagan
presiding." [ III-5]

Upon acquiring the commercial space launch responsibility+ then-Secretary of

Transportation Elizabeth Dole established an Oft]ce otCotnmercial Space Transportaiion,
whose chief purpose was to expedite applications liar lmmch permits, and a Commercial

Space Transportation Advisor T (;otmnittce ((:OMSTA(;) t,c:,serve as a means of getting

indusll T input into the ot'fice's activities. [ill-l|| The Commercial Space l+atmch Act gave

the Secretat T of Transportation the exclusiw • legal auth<+rilv to issue licenses fi+r commer-

cial space launches and launch operations, created a %me-stop" licensing process fi)r

launch firms, and established a minimum level of liahility insurance to he cltrried by
launch service providers.'"

An initial fi)cus of attention for the Oftice of (]ommercial Space +IYansportation was

participating in the 1984-85 debate over the [)vice to he charged liar a commercial launch

aboard the Space Shuttle. All involved recognized that a commercial ELV operator could

not operate profitahly and still offer a latmch price competitive with the original Shuttle
launch price, or indeed the price scheduh'd to be in effect beginning October l, 1985.

NASA recognized that the supporters of a private latmch industt+' would oppose its desire
to keep Shttttle prices low as a means of its attracting cotnnler(iial ctlslolners. The 1983

commetcial latmch directive (NSI)D 94) gave litlle comt(>rt to the private sector in this

respect; il stated that "m)twithstanding the U.S. (;overnmenl policy to encourage and
facilitate private sector ELV entl T into the space launch market, the I.}.S. (;overntnent will

continue to make the Space Shuttle awtilable for all at, thorized users--_lomestic and for-

eign, commercial and governnlental." The directive also slated that "throttgh F_/1988, lilt.,

price li)r STS flights will he maintained in accordance with the cttrrently estahlished NASA
pricing policies."

The directive did state, however, that afler ()ctohcr 1, 198bi, "it is the (,overnment's

intent to establish a titll cost recovery policy till commercial atl.d ti)reign tlight opera-

lions." This slatetnet3t provided the primary ti)cus li+r a two-year conflict t)etween NASA

with its Shuttle-oti¢,nted pricing and marketing etli)rts and lhe advocates of a commercial

EI+V imlustry. The latter recognized that perhaps their only hope li)t +husim'ss viability was

14. .'if*aceBuwne+s_%_+_,November 24, 1t183.
15. "(ionmlctcial ,Space l.aunch Act," Nlattzt,,'_at l.aT_e 9N, se('. 15, 3061 (()ctol)er "/0, 1984).
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convincing the White House to set a Shuttle price beginning October 1, 1988, that was

high enough to give them a chance to be price competitive.
The initial round of this conflict took place in 1984 as the Reagan administration

developed a "National Space Strategy" statement. The Department of Transportation, led

by Secretary Elizabeth Dole, and the White House Office of Management and Budget

(OMB) were the primary advocates during this process of having the strategy indicate that

there would be a significantly higher Shuttle price after September 1988. The White

House person in charge of the review leading to this strategy statement was National

Security Ad_fiser Robert (Bud) McFarlane. In a June 21, 1984, memorandum to Secretary

Dole, McFarlane rejected the argument that Shuttle prices should be substantially

increased, noting: "If NASA is arbitrarily forced to raise its Shuttle prices, it appears that
Ariane, and not U.S. ELVs, will benefit through increased demand from payload cus-

tomers. Such a result would obviously undercut the President's primaty goal of maintain-

ing U.S. space leadership." [I11-7]

The reality was that the United States during the 1983-85 period was pursuing two

policy goals that were clearly inconsistent: (1) creating a domestic space transportation

industry based on the use of existing EINs and (2) maximizing the number of commer-

cial launches on the Space Shuttle in competition with Ariane. Both sides in this conflict

recognized the issues at stake. The debate centered on what costs were actually to be

included in a "full cost recovery" approach. The Department of Transportation and OMB

argaled tot a definition that would increase the Shuttle price to well over $100 million per
launch. NASA argued for a definition of full cost recovelw that minimized the Shuttle

price and, in September 1984, suggested a price after October 1, 1988, of $87 million

(1982 dollars). [111-8]

In April 1985, N,_SA revised its position, arguing for a price that reflected only the costs

of commercial and toreign missions, not also the more expensive govermnent missions. On

this basis, suggested NASA Administrator Beggs, a more appropriate price would be

$71.4 million (1982 dollars) per launch. Beggs argued that he had "become increasingly

con_finced since last September that the Shuttle will not be able to compete effectively with

the European Axiane launch vehicle at a price of $87M a flight." Beggs noted thai the

Central Intelligence Agency had done an analysis of Ariane's marketing strategy and had

predicted "that Arianespace will raise its prices as Shuttle prices increase, but will keep
them below Shuttle and any U.S. commercial ELV's." Beggs also noted that "Shuttle prices

at levels above $110 Million per llight and as high as $129 Million per flight have, in fact,

been proposed hy other agencies who believe that such prices will permit U.S. EIN's to
enter the market." Beggs's conclusion was that "the currently available U.S. EIN's camlot

make inroads against Aa'iane" and that if the Shuttle price were set at a high level,

"Arianespace could increase its prices so as to realize very large profits, and still underbid

all U.S. competition." He added, "we have, not a sellers' market, but a buyeL-s' market. It is

a market where many factors are considered but where it has been shown that that a price

advantage of about 5% will strongly affect the buyer's selection of launch vehicle. ""_
After intense debate, the NASA position prevailed. [111-9, II1-10] On July 27, 1985,

President Reagan approved a recommendation that in effect accepted NASA's definition
of fidl Shuttle costs. The memorandum to the President reconunending this choice, which

was written by McFarlane, noted that doing so "will diminish the prospects for the com-

mercializatiol_ of U.S. expendable latmch vehicles," hut that a higher Shuttle price "will
benefit the French-tmilt Ariane EI_V rather than any prospective U.S. ELV." [llI-I 1, lII-I 2]

16. James M. Beggs, NASA Administratol, letter to President Ronald Reagan, April 24, 1985, NASA
Historical Reti'ren_ e Collection, NASA History Office, NASA Headquarters, Washington, I)C.



EXPI,ORIN(; THE UNKNOWN 41B

NASA's "victoiT" in this conflict over Shuttle pricing was not easily accepted by tile

committed advocates of the development of a U.S. commercial launch industr T, nlost of

whom were not ill senior positions in tile industrv's leading firms. As mentioned eavlim;
those leaders had to balance considerations of'their NASA business with connnercial

opportunities. When, six months later, the (:hallengoaccident reopened the debate over

whether it was al)propriate to use the Space Shuttle as a commercial launch vehicle, the

advocates o1 ELV commercialization were ready to seize the opportunity to reopen tile
argument.

Whatever tile situation with respect to EIN-Shuttte competition, the Office of

Commercial Space Transportation began ill 1984 to work on removing the barriers to tile

emergence of a commercial launcll indust W. The Conunercial Space l,aunch Act had

directed the Department of Transportation, as lead agency for commercial space trans-

portation, to identi_' and recommend changes to existing Federal statutes, regulations,
and policies that had a potential adverse effect on launch vehicle commercialization. The

office submitted to Congress in July 1985 a report that reviewed potential impediments in
five areas: international treaties, Shuttle and Ariane pricing policy, insurance, tax and tar-

iff consequences, and tile licensing process. The general conclusion of the report was that

tile U.S. government was doing a good job in (seating a policy and regulatory environ-

ment within which a commercial space transportation industry might emerge. [III-I 3]

Commercial Space Launches and International Trade

In June 1984, Transpace Carriers, frustrated by its inability to compete with the gov-

ernment-assisted Ariane--and, by implication, the Space Shuttle--filed a petition with tile

Office of the U.S. Trade Representative alleging that Europe's Arianespace was carrying

out unt:air trade practices in its provision of commercial space launch services. Speciti¢iall_,

Transpace Carriers claimed that Arianespace was engaging in "predato W pricing"--that is,
selling launch services at a lower price to its international commercial customers than it

charged ESA member states, as well as being subsidized by tile French space agency,

Cenlre Nationale d'l£tndes Spatiales (CNES), for costs associated with launch and range

tacilities, services and personnel, administrative and technical personnel, and mission

insurance vales. As a result of the petition, tile Office of tile U.S. Trade Representative ini-

tiated an investigation of these allegations as well as the broader issues of government

induccnmnts, direct and indirect government assistance, and cost and pricing policies in
commercial launch services. On July 17, 1985, acting on the recommendation of U.S.

Trade Representative Clayton Yeutter, President Reagan signed a memorandum rejecting

tile claim of Tvanspace Carriers on the basis that tile practices of Arianespace and ESA
were "not unreasonable and a burden or restriction on U.S. commerce." [I11-14]

_qfile some of the allegations were substantiated through tile investigation, most were

not, or at least not conclusively. The Reagan memorandunl declared that "ESA p,'actices
were determined to be not sufticiently different from those of the U.S. to be actionable

under Section 301 [of the Trade Act of 1974]," retievring to the support provided by lhe
U.S. government to the Space Shuttle program in its pursuit of international cotnmerciat

launch business, no! private EI.V firms. Tile determination further noted: "While

Arianespace does not operate under purely commercial conditions, this is in large mea-

sure a result of the history of the launch services industry, which is marked by ahnosl

exclusive government involvement." In addition to this recognition of tile unique l)otili -
cal economy of the launch industIT, the report also noted that "there are no internalion-

al standards of reasonableness fi)r launch services," and "it luay be appropriate for tile

United States to approacll other interested nations to reach all international undevsland-

ing on guidelines for commercial satellite launch services at some point in the lutlue."
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First addressed ill 1984, tile relationship between the commercial space launch indnstry

and broader issues of international trade practices has persisled as the industry has

matured.

Challenger Accident and Commercial Launch Policy

On Jannat y 28, 1986, the Space Shuttle Challenger exploded shortly after liftoff, not

only killing its seven-person crew but also reopening the debate over the appropriate role
of the Space Shuttle in U.S. spacc transportation policy. In the following seven months,

the policy debatc went on in several forums and considered several issues. These includ-

ed the Rogers Commission, set up by the White House to investigate the' causes of the acci-
dent; the National Sectnity Council, which considered whether to replace Challenger with

a new Shuttle orbiter and, ifso, how to pay fi)r it; and the Cabinet Council on Commerce

and Trade, soon renamed the Economic Policy Council, which considered whether poli-

cy changes with respect to the Shuttle's role in launching conunercial payloads were jus-
tiffed in the wake of the accident.

Many of those involved in both the Economic Policy Council and National Security

Council discussions were strong advocates of a greater overall private-sector role in space.

Some had been supporters of the 1983---85 private-sector attempts to force NASA to

increase Shuttle prices so that U.S. ELVs could compete for commercial launch contracts.
Others were new to the debate, but more sympathetic to the private-sector position than

had been their predecessors. They found NASA in a weakened political position after the
accident, under attack for management failures leading to the Shuttle accident, and with

interim leadership, because Administrator James Beggs had taken a leave of absence to

light a federal indictment for conduct prior to his coming to government in 1981/7 They

took advantage of the opportunity created by the ChaUenffer accident and NASA's subse-

quent vulnerability to convince the White House to reverse the Shuttle-centered policy
tirst decided in November 1981 and reintorced subsequently in various pricing and poli-

cy decisions. On August 15, 1986, President Ronald Reagan announced that "NASA will

m) longer be in the business of launching private satellites. '''_
Over the next month (and indeed throughout the whole post-Challenger policy

debate), NASA attempted to find a way to retain for launch on the Shuttle as many as pos-

sible of the fiH'ty-four conunercial and foreign satellites Ihat were ah-eady under contract.

NASA argued that it should continue to fly conmtercial payloads until a viable U.S. EI,V

capahility was established, at which point satellites could transition to commercial expend-
able launchers. If NASA were forced to withdraw totally trom flying commercial payloads,

the agency argued, the result would be that the owners of most payloads taken off the
Shuttle wotdd contract with Ariane. The White House did not concur with NASA's argu-

ment. lilt-15] On October 3, 1986, NASA Administrator James c. Fletcher amlotmced a
new Shuttle manifest that exchtded most commercial communications satellites then

nnder contract for launch. Fletcher noted that "during the intergovernanental discussions

tm the manifest, NASA sought to accommodate all of its customers who had signed up to

fly aboard the Shuttle," but that hecause of constraints, including "the new national poli-

c i' to accelerate the development of a viable private expemlable launch imhtstry," this had

m_t been possibleY"

The policy cltange barring the Sltuttle tiom the coImnercial lannch market was tot-
realized with the l)eceml)er 27, 1986, signing by President Reagan of NSDD 254, "United

17. Nothing came of this indictmcnl, and the government latt-r apoh_gizt'd to Beggs t<Jr its issuance.

18. The White ttottse. Stalcment I>y tilt' President, August 15, 1986. N.,LSA I tistorical Retevcnctr C<_lle<'ti_m.

19. NASA, Statt+lllenl by DI. James (:. Flctclwr, NASA Administral_+_. ()ctoh(_'t 3. 1986, NASA Itisiovit:d

R('lbt em'e C<)llection.
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States Space I,aunch Strategy." This directive stipulated that "NASA shall no longer pro-

vide launch services for comtnercial and foreign payloads unless those spacecraft have

unique, specific reasons to be launched ahoard the Shuttle.'"-'" This policy said that tilt"
national security space sector would use a balanced mix of EINs and Shuttle launches, h

explicitly directed NASA not to maintain an EI,V capability as an ac!junct to the Shuttle,

saying that if NASA needed additional launch capability beyond the Shuttle, it should con-

tract for commercial launch services. It reattirmed the principles in the earlier policy

directives that were aimed at encouraging and facilitating the development of a domestic

commercial launch industl T. By taking NASA and lhe Shuttle out of competition with

commercial launch providers, NSDD 254 officially and tinally opened tire doors of oppor-

tunily io a whole new potential market for the I_!.S. launch industry,

Creating a Government Policy Framework
for the Commercial Launch Industry

Critical to U.S. industry's ability to take advanlage of that potential market was tile

existence of a policy fiamework to facilitate U.S. competitiveness in the "post-Shuttle"

environment. A major step in this direction was a new statement of National Space Policy,

which was released by the White Ht)ttse on February 11, t988, together with a list of ill:

teen "commercial space initiatives. ''_' The Colnmercial Space Initiative realfirmed and

reiterated a lrllnrber of guidelines for the U.S. government's encotu-agelnent of COllrnler-

cial launch vehicles, including the use of launch and related facilities and U.S. govern-

ment pricing of tire use of its ta.cilities and services. ()he of the directive's goals was to
el_courage viable commercial launch vehicle activities.

While much of the Commercial Space Initiative was aimed at supporting the growth

of nascent on-orbit commercial space industries, particularly materials processing and

remote sensing, several key provisions were included that iml)acled the commercial si)ace

launch industry, under the heading of "Assuring a |lighway to Space." These included

measures to direct federal agencies to procure expendable launch services directly from

the private sector to the ftdlest extent possible; a proposal for capping third-party liat:,ility
for and damage to governmenl property resulting from a commercial launch accident;

alld initiatives to explore the possible development of priwue space ports and the provi-
sion of vouchers to research payh)ad owners who were manifesled on the Shuttle, to

enable the purchase of commercial EIN launch services. The purchase of private-sector

launch services by federal agencies was also mandaled as a mauer of poficy. The remain-

ing initiatives required executive branch agencies to develop a plan for the passage of

enacting legislation, specitic appropriations hy Congress, or (in the case of the proposal

fbr developing private launch facilities) a substantial investment decision by industry.

()verall, Ihe Commercial Space Initiative demonstrated the Reagan administration's

interest in the issues concerning the burgeoning commercial space industD'.'-"-'

Congress also acted to redefine the policy framework set out in the Commercial Space

[,attach Act of f984 ill ways that would tacifitate market entry by U.S. commercial launch

providers. An ettective campaign hy an ad hoc grottp representing the interests of the

20. 'l'he White ttousc, NSI)I) 254, "tTmtcd Stales Npacc I,;umc h _,mltcg_'," I)cceml)cr 27, 1986. NASA
tlis/ori_al Rct},'icn(c (_olh'climl.

21. See ()tticc of lhc Press Secrehu-y 'l;;ut Y;het't: lh,t'sidtrnlial Direclivc on NalMnal Spacv IMlic),"
Fcbruarv 1I, I!t_qS, rcprinlcd as Do(umcttt I11-42in Ix_gsthm, Rcn. ed,, l','.x]dorinlzthe15_kmmm,Volmnt' l. 1:601-10:
( )tilt,.: o[ lhe Press Y,vtlt'tai,., Tlnc White House. "Thc Iqcsidcnfs F,pacc IMlicv and (]._mmner,cial Spate IniliaHi,;e
Io Begin lhc Next (]ciHurT<"Fact Sheet, FebrHarv I I, 1988. reprinled as Documcnt Ill-12 in l,ogsdon, gem cd.,
l','xph.ln_ Ihe I ';'tk,'lm'tul,!_;:4,55-1i(1.

22. IBM., 3: 458-59.
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connnercial space transportation industry was crucial to convincing Congress Ihat

changes were needed, particularly ill terms of limiting lhe anloun! of liability insurance

require(t, hi November 1988, both houses of Congress passed a set of anmndlnents to the
1984 act. [Ill+16] The pnrpose of the amendments was to claril_' the very, general terms

and requirements in the original act. More precise definitions of regulatory requiremenus

in areas such as third-party insurance were needed by the doinestic commercial launch

service indusu y to be con_petitive, as its efforts to enter into the commercial market inten-

sitied. The 1988 amendments established as policy that "the United States inusl maintain

a competitive edge in international space transportation .... " They also included guide-

lines regarding government preemption of scheduled commercial launches, negotiation
of free and fair trade with international c(impetitors, and launch vehicle research and

development.
The principal impact of the 1988 amendments was to limit the total anmunt of liabil-

ity insurance required as a condition of licensing a launch. The Commercial Space

l,aunch Act of 1984 required commercial space launch companies to attain the maximtml

alllOtln[ Of insurance commercially available at reasonahle rates. [III-17] The 1988 amend-

ments limited the insurance required by commercial launch companies to m) more than

$500 million for third-par D' claims and no more than $100 million for the loss of or dam-

age to U.S. government property, or to the maximum amount of insurance commercially
availahle al reasonable rates, whichever was less. The 1988 amendments provided that the

U.S. government would reimburse any claims tot damages that exceeded the liability C<lV-

elage required of the commercial launch companies, up l(i $1.5 I)illion above the amount

of coverage they were required to obtain. '-':_
Soon after George Bnsli became President in January 1989, lie established in the

Executive Otfice of tile President a National Space (]otincil. That council and its staHwere

active ill commercial space launch issues, among many (lther topics, during the fotn" years
of the Bush administration.

The initial Bush space policy statement, issued in November 1989, was basically a reat-

firmation of the February 1988 Reagan policy. President Bush signed National Space

Policy Directive (NSPD) 2, "Commercial Space Launch Policy' on September 5, 1990.

The directive stated as a U.S. policy goal "a free and fair market in which U.S. industt T can

compete." It marked a departure from the goals of the policy directives of the Reagan

administration, which had stopped at the encouragement and lkacilitation of a "viable"
U.S. commercial latmch in(lustrv. The directive also eslahlished an explicit tie hetween

U.S. connnercial launch policy oi)jectives and other ibrmal U.S. government n<lnproliti'r-

alien and technologQ, transt('r objectiw's. It proposed "a set of coordinated actions . . . tot

dealing with international competition in launch goods and services." The directive estab-

lished as formal policy a near-term tocus on trade "agreements t(i limit unfair compeli-

lion" and a h)nger term focus on enclmraging "technical improvements t(i enhance tile

contpetitiveness (if U.S. launch vehicles." [111-18]

NSPD 2 stipulated that U.S. government payloads would be launched on U.S.-

manuta.cfured launch vehicles unless specitically exempted fiom this requirement l)y the

President. It required U.S. government agencies to factor commercial space launch indus-
try nee(Is inlo their decisions on launch vehicle an(t infrastructtlre iniprowmients. It als(i
direcle(l lhai "tile U.S. (iovernlnent will enler into ['rtlles of tile road'] negotiations to

at'llie'¢(' _t_reenlelli wilh the Eill+opean Spa(:o Agency (l:]Si\), FSA lnenlher states, and oth-

ers as appropriate, which defines principles of free and fair trade." It r('cognizi'd the need

23.

19881,

"(]onuncrcial Spate [ ,aUllch hlllcildinelits of 1988," Statutes at Large 102. so<. 9, 3906 (NoVt'lnbcr 15,
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fi)r establishing a transition period for tile entlw of nonmarket economy launch service

providers, such as China and the Soviet Union, il_to lhe market during wt{ich special com-

petitive restraints would be imposed. Specifically, these constraints included:

• Continuing tt_e U.S. government policy of prohibiting tire export of satellites and
related technologies to tile Soviet Union

• Limiting the Soviets to the use of a single site for commercial launches located out-

side the Soviet Union and making approval for their commercial launches contingent

on reaching enforceable trade and ballistic missile nonproliferation agreements
• Restricting commercial launch market enu T of nonmarket economies to a framework

negolialed with the United States

NSPD 2 rellected the growing tension between commercial humch policy and other
national interests, as ilhtstrated by a description of lhe directive in a statement by the

White House Press Secretary: "It balances launch in¢tuslrv needs with those of other i_ldns-

tries and with important national security interests, and'establishes the hmg term goal of

a flee and fair market in which U.S. industry can compete."'-"

h| July 1991, President Bush signed NS13D 4, "National Space Launch StrateD,." This
directive spelled out the administration's policy on (t_e use of excess ballistic missiles for

space launch and indicated plans tot tile development of a new national space launch sys-

tem. It stated that the U.S. government would "encoreage, to the maximum exlenl feasi-

ble, the development and growth of U.S. private sector space transportation capabilities
which can compete internationally." [III-19]

While the excess ballistic missile assets issue did not significantly affect the medium

and large launch vehicle builders, the U.S. government's plans to develop a new launch

system had direct implicalions tbr this class of commercial latmch service providers2' Tire
development of the new launch system and the transition flom currenl launch systems to

the new system were to be deveioped, managed, and funded jointly by NASA' and the

Department of Defense (DOD). Despite the threats to existing launch service providers

posed b,v the new htunch system, NSPD 4 declared that tile new launch system would "pro-

vide the opportunity h_r significant hmg-term benefits to the commercial space latmcla

indnstw." It directed NASA and DOD lo involve tile U.S. private sector in the program.
(See Chapter 4 for a discussion of this new launch system.)

NSPD 4 also focused directly on commercial space launch considerations, recogniz-
ing that the "improvement of space launch capabilities can facilitate tile ability of the W.S.

commercial space lauuch indust_' to compete." The policy encouraged U.S. government
agencies to:

• Allow contractors to accommodate conunercial needs when developing flmrre lannch
systems and infrastructnre for (;overnment needs

• Use "best value," per!ormance-based contracting, commercial production techniques
and quality standards, and commercial products arr¢l services

• Encourage commercial and state and local government investment

• Presetre privale-sector relention of technical data rights

24. ()ttice of the Press SecretauT, The Whitc House, "Statement by the Press Secretary,'" ,'_'ptembcr 5. 1990.
NASA Historical Rcfi'rem-c Colh'ctilm.

25, The impacl on medium and lalge launch v¢'hich" providers was minimal btwause the limited lift capa-

bility (throw-weight) ot those ballistic missiles becoming excess made them unabh" to launth most of the pa_-

loads targeted by this segmenl ot the industD,. Smaller launch vehicles, such as Orbital Science Corporation;s

Pegasus and l'aurus, would, however, lhce direr t cmnpclili(m from these cxct'ss assets,
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• Remove legal or administrative impediments to forming cooperative government-

industrw business relationships

• Seek legislative authority for long-term commitmel_t_ for launch services

• Use industry advisory groups to identify cotntnercial sector needs and concerns

The administration of President Bill Clinton issued a new statement of National Space

Transportation Policy in August 1994. (See Chapter 4.) lake the Bush administration's

National Space l,aunch Strateb, _' of July 1991, this policy addressed a variety of trans-

portation-related issues, inchlding the assignment of space transportation responsibilities
between NASA and DOD. The policy also contained several elements directly relevant to

tilt" commercial space launch indusn T.

Turning Policy into Practice

Since its establishment in late 1983, the Department of Transportation's Office of

(_ommercial Space Transl_ortation has worked at defining its role and at preparing and

administering the regulations and processes required to implement changing national

policy and laws. [III-20, III-21] A major focus of its initial activity was developing the

process for issning the licenses required for a cotnmercial space launch. The Department

of Transportation published its final ruling on commercial space transportation licensing

regulations in April 1988. In this docnment, the Office of Commercial Space

Transportation embraced tile notion that its responsibility was to ensure not just the via-
bilitv of tile connnercial space ]annch industl)', but its competitiveness as well. It noted

tha( "the SecretmT's mandate embraces the authority to license and otherwise regulate
such activities, as well as the responsibility to encourage, facilitate and promote establish-

illellt of a competitive United States commercial space transportation industry." [III-221

Shortly after prolnulgating its fnal rulillg on licensing, the Office of ConHnercia]

Space Tra_lsportation, four years after it was established, issued its tirst two commercial
launch licenses. The frst w_ls to Conatec, Inc., which was a small entrepreneurial frm

planning to c(mduct suborbital launches of materials processing payloads. The second
went to McDonnell Douglas for the launch of an Indian communications satellite on a

Delta expendable launch vehicle in April 19P,9. 2'_
Ill carrying otlt its mixed promotional and advocacy role, the Office of Commercial

Space Transportation has had to address a wide variety of launch-related issues. These

issues include, among others the tbllowing::

• Delining (in a conllicl with NASA) under what conditions a launch was indeed com-

mercial and thus subject to its jurisdiction

• Determining what fees users of government launch facilities were required to pay

• Defining insurance requirements tor a commercial launch
• Negotiating with NASA and the Air Force the conditions under which commercial

launch providers would have access to government launch infrastructure and the pri-

orities for wuious use,s of that infrastructure [III-23]

26. Ottice _)f {;ommercial Space Transportati(m, Depavtmenl ofq)'anspovtation. Clea)edp_)l.aunrh:A)t)_ual

I¢epoH to ('ongve_ _: AHivitie_ (hmdtuted I ;nde_ the (_,ommewial Space l.aumh Act, l'is¢al Year.1988 (Washit_gttm, I)C: U .S.

(;o,,evnment Printing Ottice, 1989), p. 2.

27. A discussion of how these issttes were handled is beyond the scope of this essay. For an in-depd_ analy-

sis, see Craig R. Reed, "U.S. Commercial Space I.atmch Policy Implementation, 1981")-1(.)92," Ph.D diss., (;eorge

Washington [Tniversit_, 1998.
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In doing so, the Office of (:onnnercial Space Transportation has been a partner to

I.!.S. induslry--and its advocate inside the I].S. g<wermnent--in crealing a new sector of
commercial space activity.

A Commercial Launch Industry Emerges

The immediate reaction of a number of space users after the C/mlleng;er accident was
to contract with Arianespace for laul]ch services. Between the time of the accident is)

January 1986 and the announcemenl of the Space Shuttle policy change in August 1986,

and despite the failure of a May 1986 launch attempt, Arianespace hooked seventeen new

launch customers. (There were also Delta and Titan launch tailures in 1986.) Of these

new contracts, eleven had been scheduled to tly on the Shuttle, and NASA had launch

contract proposals outstanding for the other six. +_

These choices were made on the assmnption that the problems with Ariane would

soon be fixed and the laul+cher would reenter operation well hefore ahernative means of

access to space might be available. Even though the t\ugttst and l)ecember 1986 policy

shifts had opened the window of opportunity fi,r U.S. private-sector latmch service
providers to enter the commercial launch market, at that point mine had made a tinn

decision tO do so. Once they so decided, it was several years before they were ready to
launch their first commercial payloads.

Given its temporary monopoly position, Arianespace ltt)t surprisingly raised its launch
prices stthstantially over the next several years. This [)rice increase, the absence of the

Space Shuttle as a governlnent-snl)sidized competit<w, and the possihilily of new U.S. gov-

ernment orders were enough to convince McDomwll Douglas, (;eneral Dynamics, and

Martin Marietta to reconsider their earlier decisions not to attempt to enter the commer-

cial latmch market. Each potential U.S. supplier of commercial launch services laced a
slightly different situation.

Delta

_¥s menliotled earliel, the mamtfacturer of the smallest of the three U.S. launchers ahle

to carry comtnnnications satellites into orhit, McDonnell l)ouglas, had decided it) 198!:+ not

to tl T to market the vehicle in the commercial marketplace. The c<)mpany helieved that the

Delta did not have enough power to lift the coming generations of conm_tmications satel-

lites and that, as long as the Slmttle was in the ntarket, there was not likely to he enough

husiness t(>jnstit_, the investments needed to increase the Deha's lifting capability.
After the 1986 policy change, Mcl)onnell Douglas rethought its decision not to enter

the commercial launch market, lJowever, the company remained uncertain ot +the wisdom

ofsttch a move until it won, inJanualy 1987, an Air Force coritract for an upgraded version

of the Deha, called the Delta II, to be used for launching the Global Positioning Satellite

system. This contract covered most of the costs of restarting the Della prodtwtion line and

of making the launcher more powerfid, therehy allowing it to c<)mpete fiw cotnmercial
latmch contracts. NASA canceled its agreement with Transpace (:arriers to market the

Delta, and McDonnell Douglas began to seek commercial customers for the vehicle in

1987. Ahhongh it won a few contracts for launches otlighter communications satellites, the

Delta has not heen a tn:_jor continuing player in the commercial latmch market because

the weight of nlost communicatio|ls satellit_'s has indeed exceeded its lifting capability.

28. "l'heres:_ Foley, "Fm-eigtl I.atlnchcs Rt'ndt'z I:.S. Vehicles trnc,:,mpctitive," Aviatirm II)'ek & .%]mre
Tech_mlol.,_, ,._,ugtlsl 4, 1!186, F" 2!1.
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Atlas

Even before the Shuttle accident, executives of General Dynamics had been interested

in tITing to market the Atlas (with its Centaur upper stage) as a commercial launcher, but

no decision to reopen the Atlas production line had been made. After the change in poll-

cy, (;eneral Dynanfics decided to resume

Atlas production in 1987, even sdthout any

connnercial or government contracts for

additional vehicles. The company recog-

nized that the Atlas-Centatn" launcher was

ideally sized to launch the communications

satellites likely to be the core of the com-

mercial market in coming years (Figure

3-4). It was willing to take the risk that it

could _4n enough contracls |or launches of

these arid other satellites to justify its invest-

ment in building eighteen vehicles.

In March 1988, General Dynamics won

a second Air Force competition for an

upgraded Atlas vehicle to launch military
conmnmications satellites and other pay-

loads. Obtaining this government contract

underwrote much of the costs of restarting

Atlas production and upgrading the vehi-

cle; thus it was critical to the firm's contin-

t, ing viability in the commercial launch

market. For most of the period since 1986,

the Atlas-(_entaur has been the primary

competitor to Ariane for launching com-
mercial communications satellites. In 1994,

Martin Marietta purchased |'tom (;eneral

Dynamics the rights to produce the Atlas

and the associated production capabilities.

Fig,'utv 3-'t. The ,-tt&_ ('entau_ two-_tage _ocket has bern a

reliable laum her lm the 17hired Stale_ _ime the 196(tL I le_v
an Atla._ ('entau_ _ames a re.star tide/in the Sut_u_or gpat'e

croft prol_nam it*to spa_e on lJaember 11, 1964. (.VA.'_A

photo 64-H-281lgj

Titan

Well before the Shnttle accident, top Air Force and National Reconnaissance Office

officials, led by Secretary of the Air Force Edward (Pete) Aldridge, had become concerned

ahont a policy of total dependence on the Shuttle for launching intelligence satellites and

ottwr critical national security' satellites. After a bitter light with NASA, in 1985 they had

succeeded in convincing the White 1 touse and Congress to approve the procurement of

a limited number of what were called complementary ELVs as t)ackul)s to the Shuttle.

Martin Marietta won the competition in 1985 to provide this capability with a more pow-

erful variant of its Titan 34D launcher; the variant hecame known as Titan IX'. Tiffs con-

tract also allowed Martin Marietta to keep the Titan production line open.

When the t)ost-Challenger opporttmity' to enter the commercial launch market

appeared, those most closely involved with Titan were ahle to convince the top executives

of Martin Marieua to develop a commercial variant of the booster, to be called Titan 11I
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Fils,_tre_5. 7"hisis an aerial view oJ Space I.aum'h ('omplex (S1+(')-4at 1,hnd_'nherlzAir 1'Tm'eBa_e, a _iteu_al to laumh
Titan HIB r_u'ket+.(l,_.S.Air Forcephuto)

(Figure 3-5). This was a more powerfifl, and more expensive, launcher than either the

Delta or Atlas, and it could be commercially viable only if it could schedule two payloads

on the same launch, an approach pioneered by Ariane. Howevel, Martin Marietta was not

able to find many customers willing to fly at the same time and, in June 1989, announced

that it would no longer attempt to market a single launch to two customers. This had the

effect of removing the Titan III from the commercial marketplace because the price of a

launch was $130-150 million, which was tot) high for a single payload.

Not only Air Force contracts but also NASA procurements helped nurture the enterg-

ing commercial space transportation indust_'. On May 14, 1987, NASA announced its

intent to procure from U.S. indust_' launch services using EINs. NASA Administrator

.lames Fletcher stated, "NASA's purpose in seeking expendable lamtch services is to lessen

dependence on a single launch system, the Space Shuttle. Expendable launch vehicles will

help assure access to space, add flexibili_" to the space program, and free the Shuttle t_)r

manned scientific, Shuttle-unique and important national security missions." NASA indi-

cated its future intent to purchase the equivalent of three to five Delta launches per year

and one to two Atlas-Centare or Titan III launches per year.+"

Each of the U.S. EIN providers booked their first commercial launch contract during

1987. There were six orders for Delta launches, three of which were payloads previously
scheduled to fly on the Shuttle. There were four orders for Atlas-Centaur launches, three

being prior Shuttle payloads. There were four Titan orders, all prior Shuttle payloads. After

signing eighteen launch contracts during 1986, Arianespace added only two new orders

29. "NASA Plans Use of Expendalde l,mmch Vehicles," NASA Press Release 87-76, May 15, 1987, NASA
ttislorical Refi'rence (;c;llet'tion.
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during 1987; this slowdown in orders reflected Ariane being booked to capacity, for sever-

ai years, with U.S. providers being able to offer earlier launch opportunities. The Ariane
launcher reentered service in September 1987 with the successful launch of two satellites.

By mid-1988, Axiane had orders for for_-four payloads, U.S. providers had eleven

orders, and the owners of sixty-six payloads anticipated to fly before the end of 1994 had not

chosen a launch vehicle. Thus Ariane had gone from its less than one-third market share

befi)re tim ChallenKer accident to having 80 percent of the market. The Delta launched its

first commercial payload in August 1989; the Titan Ill's first was in December 1989. The
Atlas did not loft its first commercial satellite until April 1991. As the market settled down

during the first half of the 1990s, A3iane was able to maintain a market share of more than

65 percent. Martin Marietta withdrew the Titan Ill from the commercial market alter only
four commercial launches. The Delta and Atlas boosters remained active competitors, _4th

the Atl_s-Centaur most closely matching _-iane's launch capabili_' and price.
As mentioned earlier, in addition to the U.S. Delta, Atlas, and Titan launchers and the

European Ariane, the Soviet Proton booster and the Chinese Long March rocket had the

capability, of launching commercial communications satellites. Both were marketed from
the mid-1980s on as alternatives to Western launch vehicles. Both were ottering launch

prices significantly below their U.S. and European competitors. U.S. satellite manufacturers

and operators, interested in the least expensive means of access to space, began to urge the

U.S. government to facilitate their access to Soviet and Chinese launches, even if that meant
less launch contracts lor the U.S. space transportation industry'. However, neither the Proton

nor the Long March made significant market penetration. There were several reasons.

With respect to China, because the Chinese pricing policy did not meet U.S. standards

for appropriate market behavior, the United States in early 1989 negotiated a quota sys-

tem on Chinese launches of satellites containing U.S. c¢)mponents. [I11-24] Such satellites

were the vast majority of all commercial conmnmications satellites. Another reason was

that many satellite owners and satellite insurers were suspicious of the reliability of the

Chinese Long March lanncher. Also, the question of licensing satellites containing U.S.

components for export to China became enmeshed in the controversies surrounding the

Chinese suppression of dissent later that year. The first coxnmercial Long March launch

of a communications satellite took place in 1992.
There were no Proton launches of non-Russian communications salellites until 1996,

although tim Soviet Union had been attempting to market the latmcher since 1983. The

prima D' reason fi)r this situation tmtil the end of the Cold War was export control restric-

tions on the intport of a Western-built communications satellite into the Soviet Union for
launch..Mter 1992, the United States and Russia agreed on launch quotas similar to those

negotiated _dth China. (A third quota agreement was signed between the United Slates

and the Ukraine in 1995.) After the collapse of the Soviet U-nion, the Russian firn_s

lOunictmv and Energia entered into a joint venture with Lockheed to market tim Proton.

Atlet Lockheed and Martin Marietta merged, this venture was enlarged attd renamed

International l.aunch Services. As mentiotmd above, Martin Marietta had, pri(w to its merg-

er with Lockheed, purchased the portion of General Dynamics that manufactured an(t
marketed the Atlas, and the new venture marketed the Atlas and Proton in combination.

In ai_otherjoil_t vcuture called Sea I,aunclL the Boeing Company joined with rocket

builders from the Ukraine and Russia and a Norwegian shipbuilder to develop a system

tor launching commtmications satellites fi'om a converted off-shore oil drilling platform.

Both Boeing and Lockheed Martin planned to develop a commercial variant of the

evolved ELV that they were developing for DOD. Japan hoped to enter the couunercial
launch market in 2000 or soon after with its H-IIA vehicle. For smaller satellites, such as

those cOral)rising various mol)ile communications satellite constellations, a variety of
smallc,- commercial launch vehicles were available or being developed. From its origins

just over at decade carlim; the commercial launch industry had grown into a rot)ust sector

of the U.S. and global economy.
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Document II1-1

Document title: NASA, We Deliver, brochure, 1983.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

As it began to seek commerrial customers Jbr Space Mnatle launch se_7,#es, once the Spare

7"ran._pmtation £),stem (STN) had been declined operational in July 1992, ,\_,_'A prepared a _los.% col

or/idly illust_nted marketing tnochure; its text is repr4nted here (graphics are twt inchtded). The tnockuw

was produced in .several lang'uages /br distribution to potential Skuttle customem around the world.

We Deliver

[ 1] Twenty-five years of hands-on experience [2] assmes you of tim most reliable, flexible,

and cost-effeclive launch system in the world.

Space Slmttle has eslablished a proven record as tim most useful and versatile space

transporter ever huih. It has also demonstrated a remarkable suitability for delivering

communications satellites to earth orbit. The successes of this operational space trans-

portation system speak directly to your launch needs and concerns.

_A]file many new and prolitable business opportunities are becoming possible

through the Space Shuttle, the prima D, focus during the 1980's will be on the delivery and

operation of teleconmmnieations satellites. Shuttle is now ready to launch these satellite

payloads; now the goal of the National Aeronautics and Space Administration is to sim-

plit}+ its use. We know this can be done because with each increasingly smooth t]ight[;l

there is evidence that we are substantially reducing paperwork and tim lime a payload
must be tit the launch site before liftoft. What this will mean to you is lower launch costs

and less integration complexity--without compromising reliability or safety.

Supported by dedicated, "cal>do" contractors, NASA has been latmching telecom-
munications satellites for almost 25 years, in providing launch services for over 100 pay-

loads destined ti)r geostationat T orbits, NASA has assembled a team of launch operation

experts whose talent, experience, and launch record are unmatched. This team and

Shuttle's extraordinary capabilities emd)le NASA to offer you a cost-effective launch sys-
tem unequaled by any other existing or planned system on Ealth.

[3] You can't beat manned reliability

It] launch operations, redundancy is synonymotts with reliability. }_A" know flom our

experience that new or signilicantly moditied latmcb vehicles normally have relatively

high t_dlure rates during early launches, mostly in nonredundant systems. This is why

launctl vehicles which incorporate more redtmdancy are less prone to such t_tilures and

are inherently more reliable.

Space Shuttle, because it is manned and reusable, has been designed with more

redundancy than any other launch system ever developed, with dual or greater redun-

dancy in all critical systems. In the limited numher <)f areas where redundancy is not pos-

sible- [4J stroll as structures--the Shuttle design provides tor a minimum safety lhctor of

1.25, and in most cases two or three tinles the failure point. The entire Space Shuttle vehi-

cle is a testament to NASA's longstanding design philosophy for its manned spacecraft--
maximum reliability.
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This devotion to reliability has repeatedly paid off fin the Shuttle. Some of the prob-

lems that occnrred on its tour It, st tlights--problenls that were considered only minor--
would have caused launch fidlures in unmanned launch vehicles. So impressed was the

insnrance industry that, after only four tlights, it lowered the insurance rates for use of the

Space Shuttle. Convinced of tile soundness of the Shuttle design and NASA's operational

approach, insurance companies set rates for the payloads aboard the tirst operational

Shuttle tlight (STS-5) that were 20 percent lower than ever given for an expendable

launch vehicle, inchtding the most successtifl one, Delta, which has been tlown more than
170 times.

Redundancy, however, is only one of several reliability assets that the Space Shuttle

ofti+rs you, and which set it apart from its expendable counterparts. These reliability

advantages derive frmn the nnique capabilities of the Shuttle Orbiters and the tlight crew.

lf, for example, a problem should arise during launch or after orbit insertion necessitat-

ing a mission abort (a risk estimated to be less than three percent), the Orbiter w<mtd

return to Earth for a controlled landing. Your payload--instead of being lost, as would

occur with an expendable latmch vehicle--would be safe and ready for relaunch after

only minimal fitrther checkout. The numbel +of payloads (designed Io the same specitica-
tions as telecotnmunications satellite payloads) that have been planned for and success-

fully tlown on roundtrips aboard the Shuttle have demonstrated the benign return trip
enviromnent of the Shutth r.

Moreover, Shuttle alone gives you an opportunity, once in orbit+ to check out your

payload and to make an unhurried decision on whether or not to proceed with deploy-
ment. Should there be significant doubt about tile condition of your payload, it can be

returned to Earth with the Orbiter, for relaunch on at|other d;g.

Finally, the Space Shuttle offers flexibility and expanded capabilities that provide the

opportunity to significanlly improve satellite designs by taking advantage of the new tea-

tures that onh' the Shuttle provides. Such an integral design approach will ofler you, the

ctlstolnel; the ntaximnnl benefits of the world's most versatile, operational space trans-

porlation system.

[5] [graphic only; no text]

[6 ] Schedule assurance with flexibility, upon which you can depend

I.aunch schedule flexibility and assurance, ahhough seemingly contradictol T, are key

to tilt' success of any space venture. With this in mind, NASA will commit to the launch

schedule lot your payload with no caveats linking thai t'omnfitnmnt to other payloads

assigned to share your ]light. In other words, NASA will lalmch your payload, even if your

launch pallner fails to show t,p tbr launch. This principh" was most vividly demonstrated
on the STY8 launch, when NASA kept its commitment to launch the Indian National

Satellite ]NSAT payload as scheduled, even after its companion payload was removed froin

the flight.
From the standpoint of payload availability, NASA is committed to provide replacement

and reflight launch services within six to nine nlonths of notification. This colntnitnlent

assnres you of the ability to maintain an operational satellite system, once it has been estab-
lished. Launch scbednling flexibility can be finther improved by planning an entire series

of payh)ad launches on the Shuttle, thereby providing buih-in tlexibilily through multiple

hnmch schednling. This is of particular importance for the first launch of a new payload

design where on-time delivm T of the first payload may be a concern. By scheduling the first
several launches within three Io six months of each other, late delivery of the first payload

would be accommodated no later than tilt, launch date planned [or the second payload.

NASA recognizes the concern of some that discovm T of a generic problem in tilt:

Slntule design could snddenly cripple the Shuttle tlight schedl, le, but histol T suggests that
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such a concern is unfimnded. The Space Shuttle has flown a string of" spectacularly suc-

cessfifl missions. There will he three Orbiters in the operational fleet hy the end of 1983

and a fourth scheduled for delivmy in 1984. While there is tile remote possibility that a

generic design flaw could ground the entire Shuttle fleet, such a possihility exists for any

launch vehicle. A review of our manned missions shows that such problems resuh in flight
delays of only a few months. But ira prohh, m were to become a grave threat to Shuttle

operations, the invoNement of the Department of Defense in the Shuttle program ensures

that a lengthy delay would not be tolerated. Any problem that could ground tile Shuttle

feet would attract the resources as well as the urgenl attenlion of the United States gov-

ernment. We have no doubt that the prohlem would he quickly solved.
[7] [graphic only; no text]

[8] In all the world, you won't find Shuttle's equal

NASA recognizes the large investment required fi/r am space venture and appreciates
the importance of accurate placement ofyol,r payload in o;rhit We also understand--after

a quarter-century of experienceiwhat it takes to launch payloads into space, time after
time after time. In short, we know how to deliver.

For the launching of your payload, we offer an unparalleled combination--the

world's most reliable space transporter and a launch team that is internationally recog-

nized for its experience and successes. Praised by eve U crew that has flown it, the Space
Shuttle is launched by people who never compromise their first ohjective--to launch safe-

ly and successfully. This was dramatically demonstrated on the first flight of the
Challenger (STY6). Ahhough engine prot31enls caused a launch delav of sewwal weeks, we

painfully took tile time necessm T to understand the technical l_rol)l_/,m and lhe potenlial

1or trouble in tlight. ,-ks a result, STY6 was a resounding sue tess and the experience gained

taught us valuable lessons that are being applied to test and tlighl preparations fi)r ,dl
tuttue tlights.

NASA will have tour Orhiters--Cohmlhia, Challenger, Discowry, and Atlantis--in

operation by 1985. By tile end of 1985 we will have flown more than 31t Shuttle missions,

nearly half involving deployment of pavhmds. We are contidenl that the Sllace Shuttle
fleel and its launch team can give you the.' surest, sati:st, and most cosl-eJlkwtive launch ser-
vice ohtainable an_avhere in the world.

[9] [graphic only; no text]

[ 10] You can't get a better price

The price for launching a payload on the Shuttle is based on tile share of the lifting

weight and cargo bay length required by your payload. Pricing[,] according to this con-

tinuous curve formula, assures that you will be charged only for your requirements, while
retaining the significant growth capability inherent in the Shullle in the event those

requirements change during the period vott are develol)ing vonr l)av oad The Shutth,
• • " r • " " • • ...... •

price and pricing flexd)lllty cannot be matched by an,,, other launch svstem.

In evaluating the total cost associated with a launch, two other important [iwtol's nltlS!

he considered, both involving insurance. One is the effect lhat NASA's launch record and

experience has had on insurance rates, it has been demonstrated that this record com-

mands tbr the Shuttle the lowest insurance rates in the tiee world. A diftmence of a ti'w

percentage points in the insurance rates for a satellite or other payload program can eas-

ily mean millions of dollars saved in lhe insurance purchased for your launch.

The other insurance consideration involves the charges associated wilh postponing a
payload launch on the Shuttle. We have a commitment to all of our ciislolners to launch

on time, and we recognize dw importance of their cash-llow demands. Therelore, as an
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incentive for customers to make all reasonable effort to have their payloads delivered lot

launch on the agreed schedule, we have established significant postponement fees. On

the other hand, we appreciate the cost risk associated with poslponements. Here again,

tile insurance indttstz T has demonstrated its support of the Shuttle by agreeing to provide

insurance, at low premium rates, to cower the postponement tees.

Considering all cost factors associated with launching your satellite or other payload

into space, you can't get it better price or more ti)r your money than the Space Stmttle.

Document 111-2

Document tide: Space Launch Policy Working Group, "Report on Commercialization of

U.S. Expendable Launch Vehicles," April 13, 1983, pp. 1-4, 34.

Source: Ronald Reagan Presidential Library, Simi Valley, California.

kbllowing the July 4, 1982, annoumeme_t that the Space Shuttle wouM be the exclu,m,e launcher fin

[iaure U.S. government missions attd that the _overnment would thus order no mole expendable launch

,etmle.s (EI,Vs), sonw in the L_,.S. [mvate sector ex]rre_.wd interest in taking ove_ the ma t_u/act uring, ma_

ketint_,, aml laumhing ¢!]e.x'istin g I'21,E_on a comtm, rcial ba,_is. ()thev:_ expressed interest in developing

on a commercial basis launchel:_.[or markets not well served tO, the Shuttle. 7he White thmse established

a n intoagen O" working g_oup to examine the i._sttes invohped in res[mnding to this plivate-sector intet_

est; this zoas the fim examinatiott r!] what nlight be invoh,ed within the ,_ovevnment. What alarum hoe
an' the introduction, the conclusion.g, and Appendix A, which lists the wmkin_,_ kwoup i_membet,'_.

Space Launch Policy Working Group

Report on Commercialization of

U.S. Expendable Launch Vehicles

April 13, 1983...

[ 1] Introduction

The National Space Policy encoreages the expansion of United States private sector

investment and involvement in civil space activities, h also identifies the Space

Transportation System (STS) as the prima D' space launch system tor U.S. C,overnment

(US(;) missions. Based on Ihe projected capabilities of the STS, the US(; has begun to phase

out its procurement and operation of the Expendable I_mnch VehMe (EIN) systems.
The U.S. private sector has Cxl)ressed interest in continuing the production and ol)er-

ation of these EINs as commercial w_ntures. Prospectiw + commercial EI,V

producers�operators are seeking policy guidance in this area tiom the I.!S(;. The need tot

a pronq)t response tiom the US(; has been driven hy two principal factors: (at the inter-

ested corporations must decide whether to continue EIN production t)eti)re the US(;

orders are completed and (b) the competition tot the Intelsat VI class of comnmnication
satellites. The lntelsat selection of one or more launch vehicle systems will be made in the

Ju,w 1(-)83 time fiaine. For these reasons, timely government action is required to l)rovide

the intormation the private sector needs to make business decisions.

The Space i.aunch Policy Working Group (Appendix A) was chartered by the
hlteragcncy Group (Space) t_£ recolnmend what the US National Space [,attach Policy

should he with regard to (at the increasing fk)reign space launch capabilities and compe-
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tit)on, (b) US commercial launch systems and operations, and (c) maintenance and dcvcl-

opmen! of a capability to sat)st}, )IS(; {rerent and projected requirements.

During ttl(' course of the study, the _)rking Group lllUI with many of the companies
that ])ave expressed interest in commercial EI,V o])(q-ations. Their'commercialization

plans, business concerns, production status, assessments of the potential market, and the

potential benefits to the US(; and the nation were all thctors in the study. The Working

Group also reviewed tile resuhs of a NASA study on ELV commercializaliotl. The impact of

commercial EI,V operations on tire (IS(, ShJ)l|]( +, operations was also specilicallv examined.

[2] This report is organized into fimr major so{lions. So{lion l presents tim \_%rking

(;roup's principal conclusions. Section II contains the proposed National Security
l)ecision Directive. Section III examines the factors pertinelJl to Ill{" US(; decision on

commcvcializalion of existing U.S. EI,Vs. Finally, Section IV explores the issues thai were
addressed in developing a strateD_ t() facilitate {he commercialization of El,Vs.

The Appendices contain supporting irrfbrmalion. Appendix A lists the Space I,aunch
Policy _)lking (;roup metal)ors. Appcn(lix B provides the <h'hfih!d analysis and data that

supports the conclusions regarding the impacts on the US(; Shuttle p_ogram resuhing
from flw loss of commercial and toreign payloads.

[3] I. CON(:I+USIONS

i

1. A US commercial EI£ r Cal)abililv would benetil I)olh the [!S(; and l])c ])rival(" sector

aJrd is (:oJlsisl(.J)t willr the goals _tnd objeclivcs ol +the US National Space Policy.

2. The benefits of commercial ELV operations would o[tlset the potential incr('ases in

total {'{)st to tim [IS(; of the STS prowam which could result from the loss of com-
mercial and tovcign payloads.

3. Consistenl with its needs and requir('mcnts, the US(; should encourage and Blcilitale
the commercialization of US El.Vs. Tim US(; should not subsidize the commercial-
ization of El,Vs.

4. hnernatiot)al and national legal obligations and concerns (including those relating to

public salbly) require tim US(; to authorize, supervize [sic[ and/.r regulate US pri-
Vat{! sty{for spa('(: o[)(?Jatiolls,

5. ")+he US(; should review and appJoVC any pJOl)osed contmercial launch tacility and
range as well as subsequent operations conducted therefrom.

6. Near-term demonstration of test flights of commercial hum<:h vehicles will require

US(; review on a case-by-case basis; existing lie{using alllhoFily aJld procedures appear
to be adequate for this purpose, but should be streamlined.

7. An intcragcncy Working (,roup should be established to dewqop and coordinate a

process tot the l(mg-term licensing, supervision and/or regulation of possibh, routine
commercial launch operations fi+om non-national ranges.

8. The IIJO5,l {?fie'clive m(,a.ns for the US(; to cJJsuJe sage cOlnllJ(,l(iil] EI.V operations and

compIiaucc wilh )IS treaty obligations is to {+ncouragc the use ofexisting [rS(', [attach

ranges. Consistent with these obligations, all commercial EIAZ operations conducled

fiom a US(; national range should be, at a minimum, subject to existing tTS(; range
fegtJlations and requirements.

(!S(; facilities, C{luipmenl ' and services should bc made available for commcr(ial use

where ])tactical and priced in a manner lhal, collsisl(!Jll with USG needs and ft'(lJliJ'('-

mcnts, will tacililale and ('JlCOtJrage commercial opeJations. The US(, should no! seek

to [41 rccover EI.V design and devclopmenl {()sls, or investments associated with
launch the)lilies to which the {IS(; retains lille.

10. Any (omm{w(ial launch vehi(l(. Ol)(.falor should t)c required to provide adC(lUat(,
iJlSlJl-aJl('(' |() ('()V(,I + t|l(_ ]()5;S of or daJrlag,(, Io US(; ])l'()])('Jl,,/JJS(,d l() SllppOll C()lrl]ll('J'-

cial operations. Additionally, the commercial op{wators should i(h'm,fit}, [sic] and

9.
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hold harmless tile USG against liabilities lot damage to both domestic and foreign

persons and property.
11. The USG should continue to make the STS available to all authorized users---domes-

tic and foreign, commercial and governmental. The USG nmst consider the ettects

that STS pricing for commercial and fbreign flights could have on commercial launch

operations. However, tilt" price for commercial and toreign flights on the STS nlusl be
determined based on the best strategy to satis_' tile economic, foreign policy, and

national security interests of the United States.

[34]
APPENDIX A
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National Aeronatttics and Space Administration

Barton Borrasca
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John Met ;arthv
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Donald Miller

Department of Commerce

Jimmey Morrell
Office of Science and Technolo_' Policy
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Department of State
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Central Intelligence Agency
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Department of State

Document 111-3

Document tit]e: National Security Decision Directive 94, Commercialization of

Expendable Launch Vehicles," May 16, 1983.

Source: Ronald Reagan Presidential Library, Simi Valley, California.

Ba,_ed on the recomtmq_datitms of the Space Launch Polio3, Working (;mup as reviewed b3' the Semor

Interagen O, (;mup (Space), 15esident Ronald Reagan a[_(rmed this poll O, ._tatement on Ma_' 16, 1983.
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[stamped "UNCI_kSSIFIED"]

May 16, 1983

Commercialization of Expendable Launch Vehicles

I. INTRODUCTION

The United States Government encourages domestic commercial exploitation of

space capabilities, technologT, and services for U.S. national benefit. The basic goals of

U.S. space launch policy are to (a) ensure a flexible and robust U.S. launch posture to

maintain space transportation leadership; (b) optimize the management and operation of

the STS program to achieve routine, cost-effective access to space; (c) exploil the unique

attributes of the STS to enhance the capabilities of the U.S. space program; and

(d) encourage the U.S. private sector development of commercial launch operations.

II. POI.I(N FOR COMMERCIAI,IZATION OF EXPENDABLE LAUNCH \T.HICLES

The U.S. Government flflly endorses and will facilitate the commercialization of U.S.
Expendable Launch Vehicles (ELVs).

The U.S. (;overnment will license, supervise, and/or regulate U.S. commercial ELV

operations only to the extent required to meet its national and international obligations

and to ensure public safety. Commercial ELV operators must comply with applicable inter-

national, national and local laws and regulations including securi_,, safety; and environ-
mental requiremems.

The U.S. (;overnmen! encourages the use of its national ranges for U.S. commercial
El,\,' operations. Conunercial launch operations conducted tiom a U.S. Government nation-

al range will, at a minimunl, be subject to existing U.S. (;overnment range regulations and

requirements. Consistent with its needs and requirements, the U.S. Government will identi-

t}' and make available, on a reimbursable basis, facilities, equipment, tooling, and services
that are required to support the production and operation of U.S. commercial EI_Vs.

The U.S. (;overmnent will have priority use of U.S. Government facilities and support

set\ices to meet national securi_' and critical mission requireinents. The U.S. Governmenl

will make all reasonable efforts to minimize impacts on commercial operations.

[2] The U.S. (;overninent will not subsidize the commercialization of ELVs but will price

the use of its tacililies, equipment, and services consistent with the goal of encouraging

viable commercial EI,V launch activities ira accordance with the attached guidelines.

The U.S. Government will encourage free market competition among the various sys-

tems and concepts _thin the U.S. private sector. The U.S. Government will prox_de equitable

treatment fi)r all connnercial launch operators for the sale or lease ofgovernmenl equipment

and facilities consislent with its economic, fiweign policy, and national security interests.

The U.S. (k)vernment will review and approve any proposed comnrercial launch facil-

ity an(I range as well as sut)sequent operations conducted Iherefrom. Near-term demon-
stralion or lesl tlights of commercial latmch vehicles conducted from ()lller titan a U.S.

Government national range will be reviewed and approved on a case-l)y-case basis using
existing licensing aulhority and procedures.

1II. REIATIONSttlP OF STS AND COMMERCIAL ELVS

Notwithstanding the U.S. Government policy to encourage and facilitate private sec-
Ior ELV entry into tire space lannch market, the U.S. Government will continue to make

the Space Shuttle available ti)r all authorized users--domestic and foreign, commercial

and governmenlal--subject Io U.S. (;overnment needs and priorities. Through FY 1988,
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tile price for STS flights will be maintained in accordance with tile currently established

NASA pricing policies in order to provide market stability and assure fair competition.

Beyond this period, it is tile U.S. (;overnment's intent to establish a full cost recovery pol-

icy for COllllllercial and foreign STS flight oper;ltiolls.

IV. IMPLEMENTATION

An interim SIG (Space) Working Group on Commercial l.aunch Operations will he

forlned and co-chaired by tile Department of State and NASA. The Working Group will

be composed of members representing the SIt; (Space) agencies and observers as well as

other affected agencies. Additional membership, at a minimum, will include the Federal
Aviation Administration and the Federal Communications Commission. This group will

be used it) (a) streamline tile procedures used in the interim to implemen! existing licens-

ing authority, (b) develop and coordinate the requirements and process fin the licensing,

supervision, and/or regulations applicable to routine commercial launch operations from

commercial ranges, and (c) recommend tile appropriate lead agency within the U.S.

(;overnment to be [3] responsible for commercial launch activities. Until a final selection

of the lead agency is made, the Deparmlent of State will serve as tile U.S. (;owrrnment

focal point fi)r all inquiries and requests relative to commercial EI,V activities.

Attachment

Implementing (;uidelines for (]ommercialization of Expendable
l.aunch Vehicles for U.S. (;overnnlent National Ranges

[4] IMPI,EMENTIN(; (;UIDELINES FOR COMMERCIAIJZATION OF EXPENDABI,E
IAUNC[t \,'El tI('I.ES FROM U.S. (;OVERNMENT NATIONAI_ I,DXN(;ES

A. Required U.S. (;overnment Actions

NASA and DOD, fin- those timclions over which they respectively have cognizance, will:

1. identity' data, documentation, processes, procedures, tooling, ground support

equipment and facilities that are available for commercial use;

2. identity' the Sul)port services and facilities necessary for commercial launches
from the U.S. Government national ranges;

3. identity' the joint-use tooling, ground support equipnlent and facilities that tilt"
[].S. (;(_vel'llllle'llt Call make available for comnwreial launch operations;

4. determine the transition means, schedules, conditions, and costs for making avail-

able appropriate U.S. ()oveinnlen! equipment, tacilities and properties;

5. to tilt" cxtent practical, provide, on a reasonable reimt)ursal)le basis, technical

advice and assistance in operations;

6. negotiate and contract tor, on a reasonable reimbursahh" basis, their portion of
lilt'U.S. (;overnment services,facilitiesand equipment requested by the private

seclof t_)r COllllllercial launch o])erations;

7. as required, conduct environmental allalyses necessary IO ensure COml)liallte wilh

the National Environmental Policy Act.

B. (;overnment t'ricing (;uidelines

The price [br the use of U.S. (;overnment fiwilifies, equipment, and services will be

based on the fi)llowing principles:
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1. price services based an those additional costs incurred bv tile U.S. (;overnnlent:

2. the U.S. (;overnnmnt will IlOl seek to recover EI+V design ;_nd <tevelopnwnt costs or
investments associated with tacilitics It) which the U.S. Government retains lille;

tooling, equipn,:nt and residual EI+V hardware on hand al the completion of the
U.S. (;overnment's program will be priced on a basis that is in the best overall

interest of the U.S. (;overnment, taking inlo consideration that these sales will not

constitute a subsidy to the private sector operator.

Commercial El,\,' Operator Reqtfirements

The commercial EIN operator shall:

1. maintain all facilities and equipment leased tiom the U.S. (;overnment to a level

of readiness and repair specified by the U.S. (;overnmenl;

2. provide adequate insm;mce to cover the loss of or damage to U.S. (;overnmenl

owned systems, equipment, rand] [_tcilities used I)y Ihe private seclor EI,V opera-
tots;

provide adeqttale insurance and agreements m indemnit},, and hold harmless the

U.S. (;overnment against ]iabililies for damage to both domestic and foreign per-
sons and property;

abide by all required U.S. (;overnment sati+tv criteria and not hold the IJ.S.

(;overnmem liable fi)r damage incurred by the operator resuhing fiom U.S.
(;overnmenl flight safely actions;

agree not to hold the U.S. Government liable for losses resulting fiom scheduling
delays related to joint-use t_.teilities and support services.

[5] :_.

C.

4.

5+

Document111-4

Document title: Commercial Space Launch Act of 1984, Public Law 98-575, 98 Stat. 3055,
October 30, 1984.

Source: NASA Historical Reference Collection, NASA History Office, Washington, D.C.

Both (;ong_vss and the executive branch took step._ during 198 7 and 1984 to nurture the n_t, com-

mercial ._pare tmn._portation indusO_,. 7"hi._ legrislalion , which orig_i_mted i_ the ttouse Committee mz

Science a_d Technol_tO, , provided the statutm)' basi._ Jor the role O[the l)epartment r_[Tra_+_portation
to carD_ out its role m licensing_ commercial launche_ b_' the U.S. private sector and the other author-

itie_ thought needed Jor the industry to /_tm+lio_t. By the)line the i_tdustrv actually, emel_¢ed in the wake

r_/'the Challenger accident, additional legral pr+fvi.sion_ were seen to "herequi_d, and thi._ law wa.s
ame_ded i_t 1988.
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PUBI+IC lAW 98-575--OCT. 30, 1984 [98 STAT. 3055]

Public Law 98-575

98th Congress

An Act

To Jhcilitate commercial space launches, and fiw other purposes.

[Oct. 30, 1984] [H.R. 3942]

Be it enacted by the Senate and lfou,se q/ Ib,presentatives of the United States q] America in

('+ongrre.ss assembled,
ICommercial Space Launch Act.]

SHORT TITI,E

SE(71"ION 1. This Act may be cited as the "Commercial Space l,aunch Act."

[49 USC app. 2601 note.]

FINDINGS

SEC. 2. The Congress finds and declares that--

[49 US('. app. 2601.]
(1) the peaceful uses of outer space cc, ntinue to be <)t great value and [o of|¢'r bene-

fits to all mankind;

(2) private applications of space technology' have achieved a significant level of com-
mercial and economic activity, and offer the potential tot growlh in the [uture, particu-

larly in the United Slates;

(3) new and innovative eqt,ipmeni and services are being sought, created, and offered by

entrepreneurs in telecommtmications, intormation senfces, and retnote sensing technology;

(4) the priwtle sector in the United Slates has the capability of developing and pro-

viding priwtte satellite launching and associated services that would complement the

launching and associated services now available from the United States (;overnmcnt;
(5) the devehq)ment of commercial launch vehicles and associated services would

enable the United Stales Io retain ils competitive p<)sition internationally, thereby con-

tritmting to the national interest and economic well-being of the United States;

(6) provision of launch services by the private sector is consislellI with the national
security interests and foreign policy interests of the Utdted Slates and would be fi_cilitat-

ed by stable, mitfinml, and appropriate regulatory guidelines lhal are fitirly and expedi-

tiously applied; and
(7) the United Stales should encourage private sect<n humches and associated ser-

vices and, only to the extent necessaD', regulate such launches and services in order to

ensure compliance with international obligations of the United States and to l)votecl the

public heahh and salt'ly, safety of property, and national security interests and toreign pol-
icy interests of the United Stales.

t)I TRI'OSFS

SEC. 3. It is therelore the ptup<_se ot +Ihis Act--

[4q I.!SC 2602.]

(1) to promote economic growth and entrepreneurial activity Ihrough utilization of

the space environnlent for peaceful purposes;
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(2) to encourage the United States private sector to provide launch vehicles and asso-

ciated launch services by simplifying and expediting the issuance and transfer of com-

mercial launch litenses and hy facilitating and encouraging the utilization of
Government-developed space technologq'; and

(3) to designate an executive department to oversee and coordinate the conduct of

commercial launch operations, to issue and transfer commercial latmch licenses atttho-

rizing such activities, and to protect the public heahh and satkqy, safety of property, and
national security interests and foreign policy interests of the [;niled States.

DEFINITIONS

SEC. 4. For purposes of this Act--

[49 USC app. 2603]

(1) "agency" means an executive agency as delined by section 1(15 of title 5, United
States Code;

(2) "launch" means to place, or attempt to place, a launch vehicle anti payload, if

an}', in a suborbital trajectmT, in Earth orbit in outer space, or otherwise in outer space;

(3) "launch property" means propellants, hmnch vehicles and components/hereof,

and other physical items constructed fi_r or used in the launch preparation or launch of
a launch vehicle;

(4) "lmmch sex_,ices" means those activities involved in the preparation of a launch

vehicle and its payload tbr latmch and the conduct of a lannch;

(5) "launch site" means the location on Earth from which a Immch takes place, as
detined in any license issued or transferred by the Secreting/under this Act, and includes

all facilities located on a launch site which are necessm T to'ctmduct a launch;

(6) "launch vehicle" means an}, vehicle construclcd lot the ptul)ose of operating in,
or placing a payload in, outer space and any suhorl>ital rocket;

(7) "l_ayload '' means an object which a person undertakes to place in outer space hy

means of a launch vehMe, and includes snhc<)mponcnts of the launch vehicle specifical-
ly designed or adapted for that object;

(8) "person" means any individual and any corporation, partnership, joint venture,

association, or other entity organized or existing under the laws of any State or any nation;

(9) "Secretary" means the Secreta D, of Transportation;

(10) "State," and "United States" when used in a geographical sense, mean the sever-

al States, the District of (:olumbia, the (:ommonweahh of Puerto Rico, American Samoa,

the United States Virgin Islands, (;uam, and any other commonwealth, territory or pos-
session of the United States; and

(11 )"United States citizen" means--

(A) any individual who is a citizen of the United States;

(B) any corporation, partnership, joint venture, association, or other entity
organized or existing under the laws of the United Stales or any Stale; and

(C) any corporation, partnership, .joint venture, association, or other entity

which is organized or exists under the laws of a toreign nalion, if the con/rolling

interest (as delined by the Secretm T in regulations) in such entity is heht by an

individual or en/ily described in suhparagral)h (A) or (B).

GENERAI_ RESPONSIBIIJTIES OF TIlE SE(:RETARY AND ()THER AGEN(:iES

SEt :. 5. (a) The Secretm T shall be responsible fiw carding out this At'l, and in doing st) shall--
[49 US(: app. 2604. ]

( 1) encourage, tacilitate, and pr<>mote commercial space lattnches hy the private
sector; and
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(2) consult with other agencies to provide consistent application of licensing

requirenmnts under this Act and to ensure fair and equitable treatment lot all license

applicants.
(b) To the extent permitted by law, Federal agencies shall assist the Secretary, as nec-

essal T, in canting out this Act.

REQUIREMENT OF LICENSE FOR PRIVXI'E SPACE lAUNCH OPE1LXI'I()NS

SEC. 6. (a)(1) No person shall launch a launch vehicle or operate a launch site widfin the

United States, unless authorized by' a license issued or translerred under this Act.

[49 USC app. 26{t5.]
(2) No United States citizen described in suhparagraph (A) or (B) of section

4(11) shall launch a launch vehicle or operate a launch site outside the United Stales,

unless authorized by a license issued or transte'rred under this Act.
(3) (A) No United States citizen described in subparagraph (C) of section 4(11)

shall launch a launch vehicle or operate a launch site at any place which is both out-
side the United States and outside the territul T of any toreign nation, unless autho-

rized bv a license issued or transferred under this Act. The preceding sentence shall

not apply with respect to a launch or operation of a launch site if there is an agree-
merit in force between the United States and a foreign nation which provides that

such foreign nation shall exercise jurisdiction over such launch or operation.

(B) (i) Except as provided in clause (ii) of this subparagraph, this Act shall

nut apply to the launch of a launch vehicle or the operation of a launch site in

the territol T of a foreign nation by a United States citizen describe<l in subpara-

graph (C) of section 4(11).
(ii) If there is an agteement in torte hetween the United States

["International agreements" appears in the ma,gin] and a foreign nation which

provides that the United States shall exercise jurisdiction over the launch of a

launch vehicle or operation of a launch site in the territ¢n 7 of such nation hy a
t!nitt'd States citizen descrihed in subparagraph (C} of section 4(11), no such

United States citizen shall launch a launch vehicle or operate a launch silt: ill the

territory ufsuch nation, tmless authorized hy a license issued or transl_:rred under

this Act.

(h) (l) The holder of a launch license under this Act shall not launch a payload

unless that payload complies with all requirements of Federal law that relate to the launch

of a payload. The Secretal T shall ascertain whether any license, authorization, or other

permit "required by Federal law tor a payload which is to bc launched has heen ohtained.
(2) If no payload license, authorization, or permit is required by any Federal law,

tilt" Secretary ulay take such action under this Act as the Secretary deems necessary to pre-
vent the launch of a payload by a holder of a launch license under this Act if the Secretary

determines thai the launch of such payload would jeopardize the puhlic heahh and sail:-

ty, safety of property, or any national security interest or foreign policy interest of the
United States.

(c) (1) Except as provided ill this Act, tit) person shall he required to obtain froul _|lly

agency a license, approval, waiver, or exemption tiw the launch of a launch vehicle or the

operation of a launch site.
(2) Nothing in this Act shall affect the authority of tile Federal Communications

(_ollunissioI| ttllcler the (_.Olllllltlllit'alioIlS Act of 193't (t7 U.S.(:. l.r) l et ._eq.) or the author-

ity of the Secretary of Commerce under tilt" I.and Remote-Sensing Comnmrcializatio,1 Act

of 1984 ( |..5 (7.S.(:. 4201 et .geq.).
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AUTHORIqYTOISSUEANDTI,b_,NSFERI,ICENSES

[49US(:app.2606.]
SEC.7.TileSecrelarymay,consistentwithtilepublichealtlaand safet'< safety of proper-
ty, and national security interests and fi>reign policy interests o1' tilt: United Stales, issue or

transt_w a license fi_r launching one or more launch vehicles or fi)r operating one or more

launch sites, or boil3, to all applicanl who meets the requirements for a license under sec-
tion H of this Acl. Any license issued or lrans[k'rred under this section shall be in effect for

such period of time as the Secretal T may specit_;, ill accordance with regulations issued
under this Act.

LICENSIN(; REQUIREMENTS

[49 USC app. 2607}

SEC. 8. (a)(l) All requirements of Federal law which api)l_ to the launch of a launch vehi-

cle or flw operalion of a launch site shall be requirements for a license under this Act tor

the launch of a launch vehicle or the operation of a launch site, respectively, except to tile
extent provided in paragraph (2).

(2) If lhe Secretary deternfines, ill consultation with appropriate agencies, that

any requirement of Federal law thai wt)nld otherwise apply to tile Imlnch of a launch vehi-

cle or till: ol)eration of a launch site is not necessary to ])rotecl the public health and safe-

ty, saiety of property, and national securil_ intert!sls and foreign policy interests of the

United Slates, the Secretary may by regulali(>n provi(le that such requirentent shall not be
a requirement for a license under this Act.

(b) "File Secretary ntm,; with respect to launches and the operation of launch silt's,

prescribe sttch additional requirements as are necessal T Io protect the pul)lic heahh and

salk'ly, satt'ty ()f property, anti national security inleresls and foreign policy interests of the
United Slates.

(c) The Secretal)' may, in individual cases, waive the application of any requirentent

fi)r a license under this section if the Secreta_, determines that such waiver is in the pub-

lic interest and will not jeopardize the public heahh and satk, ly, sa[kqy of property, or all,,'
national security interest or loreign policy interest ot the Uni.tcd States.

I.ICENSE APPI.I(:ATI()N AND APPROVAl.

[49 USC app. 2608]

SEt:. 9. (a) Any person may apply to the Sectmat T tor issuance or transter of a license

under this Act, in such fornt and ntanner as the Secretal T may prescribe. The Secretary

shall eslablish procedures and timetat)les to expedite review of _q)plications tlllder this set _-
lion and to reduce regtdalory burdens tot applicants.

(b) The Secrctal T shall issue or transfer a license lo an applicant if the Secretary

determines in writing that the applicant complies and will continne to comply wifll the

requirements of this Act and any regulation issued under this Act. The Secretalw shall

inchlde in such license such conditions as may be necessa_' to ensure contpliance with

this Act, including an elli_ctivc nleans of on-site verification that a launch or operation of

a launch silt: conlorlns lo representations made ill the application for a license or trans-

fer of a license. The Secretal_' shall make a deternfination on any application not later
than 180 days after receipt of'such application. If the Secretary htls nol ntade a detenni-

natron within 12(t days after receipt of such application, the Secretary shall infi>rm the

applicant of any pending issues and of actions lequired to resolve such' issues.

(c) +gilt" Secretary, any officer or eml)hwcc ot the [!niled Slates, ill any person with
whom thc Selretary has entered into a COlltiacl under section 14(t)) of this Act may not
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disclose any data or information under this Act which qualifies fi)r exemption under sec-
tion 552(b)(4) of title 5, United States Code, or is designated as confidential by the per-

son or agency furnishing such data or infi)rmation, unless the Secretary determines that

Ihe withholding of such data or intbrmation is contrary to the public or national interest.

SUSPENSION, REVO(_ATION, AND MODIFICATION OF LICENSES

[49 USC app. 2609]
SEC. 10. Ca) The Secretal T may suspend or revoke any license issued or transferred under

this Act if the Secretary finds that the licensee has substantially f_dled to comply with an),

requirelnent of this Act, the license, or any regulation issued trader this Act, or that the

suspension or revocation is necessary to protect the public health and satk'ty, safety of

property, or any national security interest or toreign policy interes! of the United States.

(b) Upon application by the licensee or upon the Secretary's own initiative, the

Secretary may modify a license issued or transferred under this Act, if the Secretary finds

that the modification will comply with the requirements of this Act.

(c) Unless otherwise specified by the Secretary, any SUSl)ension, revocation, o1- modi-

fication by the Secreta_' under this section--
(1) shall take effect immediately; and

(2) shall continue in efliect during any rm4ew of such action under section 12 of

this Act.

(d) Whenever the Secretary takes any action under this section, the Secretary shall

noti|y the licensee in writing of the Secretary's tinding and the action which the Secreta_'

has taken or proposes to take regarding such finding.

EMERGEN(_ ORDERS

[ Prohihition. 49 US(; app. 2610.]

SEC. 11. Ca) The Secretary may terminate, prohibit, o1 suspend immediately the launch

of a launch vehicle or the operation of a launch site which is licensed under this Act if the

Secretary determines that such launch or operation is detrimental to the public health

and sal+eiy, safety of property, or any national security interest or foreign policy interest of
the United States.

(h) An order terminating, prohibiting, or suspending any launch or operation of a

launch site licensed hy the SecretmTe under this Act shall take effect immediatel?' and shall

continue iu ettect during any review <)f such orde, tinder section 12.

ADMINISTRATIVE AND JUDICIAl. REVIEW

[49 USC app. 2611]

SEC. 12. Ca)(1) An applicant tor a license and a proposed transferee ot+a license under
this Act shall be entitled to a determination on the recnrd after an opportunity tot a hear-

ing in accordance with section 554 of title 5, United States (;ode, of any decision of the

Secretary under section 9(b) to issue or transfer a license with conditions or to deny the

issttauce or transfer of such license. An owner or operator of a payload shall he entitled to

a determination on the record after an opportunity for a hearing in accordance with sec-

lion 554 of title 5, United States (]()de, of any decision of 1he Secrelary under section

6(h) (2) to prevent the latmch of such payload.
(2) A licensee under this Act shall be entitled to a determination on the record

after an opportutfity tor a hearing in accordance with section 554 of title 5, United States

Code, of an}' decision of the Secretat T-
CA) under section 1(1 to suspend, revoke, or modit}+ a license; or
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(B)undersection11toterminate,prohibit,orsuspendanylaunchoroperation
ofa launchsitelicensedbytheSecretary.
(b)Anyfinalactionof theSecretaryunderthisAct to issue,transfer,denythe

issuanceor transferof,suspend,revoke,ormodify,a licenseortoterminate,prohil_it,or
suspendanylaunchoroperationofalaunchsitelicensedbytheSecretaryor toprevent
thelaunchofapayloadshallbesubjectto.judicialreviewasprovidedinchapter7oftitle
5,UnitedStatesCode.

RE(;UI_kTIONS

[49US(;app.2612]
SEC.13.TheSecretaQ_mayissuesuchregulations,afternoticeandcommentinaccordance
withsection553oftitle5,UnitedStates(]ode,asmaybenecessarytocarry,outthisAct.

MONITORINGOFACTIVITIESOFLICENSEES

[49US(;app.2613]
SEC.14.(a)Eachlicenseissuedor transferredunderthisActshallrequirethelicensee--

(I) to allow tile Secretm-y to place Federal officers or employees or other individ-

uals as observers at any launch site used by the licensee, at any production [a.cility or assem-

bly site used by a contractor of the licensee in the production or assembly o_t a launch
vehicle, or at any site where a payload is integrated with a launch vehicle, in ¢lrder to mon-

itor the acti_qties of the licensee or contractor at such time and to such extent as the

Secretary considers reasonable and necessary to determine compliance with the license or

to carry out the responsibilities of the Secretary, under section 6(b) of this Act; and

(2) to cooperate with such observers ira the performance of monitoring functions.

(b) The Secreta_' may, to the extent provided in advance by appropriation Acts, enter
into a contract with any person to carry out subsection (a) (1) of this section.

USE OF GO'_T_RNMENT PROPER_D[

[49 US(: app. 2614.]

SEC. 15. (a) The Secretary- shall rake such actions as may be necessary to facilitate and

encourage the acqtfisition (by lease, sale, transaction in lieu of sale, or otherwise) by the
private sector of launch property of the United States which is excess or is otherwise not

needed for public use and of launch services, including utilities, of the United States

which are otherwise not needed for public use.

(b) (1) The amount to be paid to the United States hy any l)erson who acquires

launch property or launch services, including utilities, shall be estahlished by the agency

providing the property or service, in consuhation with the Secretar T. In the case of acqui-

sition of launch property by sale or transaction in lieu of sale, the amount of such payment

shall be the fair market value. In the case of any other type of acqtfisition of launch prop-

erty, the amount of such payment shall be an amount equal to the direct costs (including

any specific wear and tear and damage to tile property) incurred by the United States as

a result of the acquisition of such launch property. In the case of arty acqnisition of launch

services, including utilities, tile amount of such payment shall he an amount equal to the

direct costs (including salaries of United States civilian and contractor personnel)

incurred by the United States as a result of the acquisition of such latmch services.

(2) The Secretary may collect any payment for launch property or launch ser-

vices, with the consent of the agency establishing such payment under paragraph (1).

(3) The amotmt of any payment received by the United States for launch prop-

erly or launch services, including utilities, under this subsection shall be deposited in the
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general fund of the Treasut% and tile amount of a payment t`or launch prol)erty (other

than launch properD' which is excess) and launch services (including utilities) shall be

credited to the appropriation from which the cost of providing such property or services

was paid.
(c) The Secretmw may establish requirements tot liability insurance, hold harmless

agreements+ proof of financial responsibility; and such other assurances as may be needed

to protect tit(" United States and its agencies atnd personnel from liahility, loss, or injuty as a

rcsnh of a launch or oF,eralion of a launch silt" involving (;overnmcnt [acililies or personnel.

I+IABII+I'IY INSURANCE

[49 USC app. 2615.]

SEt'.. 16. Each person who launches a launch vehicle or operates a launch silt" under a
licensc issued m transli'rred under this Act shall have in effect liahility insurance at least in

sttch amount as is considered by the Secretat)' to be nece_sal T |or such launch or operation,

considering the international obligations of the Unimd Stoles. The Sectelm)' shall prescribe
such anlotlttl after consultation with the Attorney (;eneral and olher appropriate agencies.

ENF()R(;EMENT AUTHORITY

[49 USC app. 2616.]
SEC. 17. (a)The Secreta o' shall enlorce this Acl. The Secretary may delegate the exercise

of any entorcentent authority trader this Act to any otticer or employee of the Departmenl

of Transportation or, with the approval of the head of another agency, arty otticer or

employee of such agency.

(b) In carr}fng out this section, the Secreta W may--
( 1) make invesligations and inquiries, attd administer to or take li°om any person an

oath, affirmation, or alfidavit, concerning any matter relating to enfi)rcement of this Act; anti

(2) pursuant to any laM'ul process--

(A) enter at any tvasonable lime any launch site, prodttction tacility, or asst'm-
blv silt" of at launch vehicle, or any sit(' where at payload is integrated with a launch

vehMe, fro Ihe lmrpose of inspecting any ohject which is suhject to this Act and any

records or reports required by the Secretat T to he made or kept under this Act: and

(B) seize arty such ohject, record, or report where there is prohahle cause to

believe that such object, record, or report was used, is heing used, or is likely to

he ttsed in violation of this Act.

PROItlBITEI) A(:TS

[49 USC app. 2617]
SEC. 18. It is tmlawtul tot arty person to violate at requiremcnt of this Act, a regulation

issued under this Act, or any term, condition or restriction of any license issued m-trans-

It'fred hy the Secretar*, under this Act.

CIVIl, PENALTIES

[49 USC app. 2618]
SEC. 19. (a) Any person who is flmnd by the Secretal T, after notice and opt)oft(rally to he
heard on lit(" record in accordance with section 554 of title 5, United Stales Code, to have

comInitted any act prohihited by section 18 shall be liahle to the United States [`or a civil

t)enahv of not'more than $100,000 tot each violation. Each day of a continuing violation
shall c_mstitttte a separate violation. The amount of such civil penahy shall he assessed by
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tileSecretaryhywrittennotice.TheSecretarymaycompromise,modil_;or remit,withor
withoutconditions,ally'civilpenaltywhichissubjectto impositionor whichhasbeen
imposedunderthissection.

(b) If anypersonRills to pay a civil penahy assessed against such person after lhe

penalty' has be(x)me final or if" such person appeals an order of the Secretary" and tile

appropriate court has entered final judgment in favor of the Secretal)', the Secretary shall

recover the civil penahy assessed in any appropriate district court of tile United States.

(c) For purposes of conducting any hearing under this section, the Secretar 7 may

(1) issue subpoenas for the attendance and testimony of witnesses and the production o_f
relevant papers, books, documents, an(t other records, (2) seek enforcement of such sub-

poenas in tile appropriate district colin of tile United Stales, and (3) administer oaths and
affirmations.

(;()NSUIXATION

[1)efensc and national security. 49 US(; app. 2619]

SEC. 20. (a) The Secretary shall consuh with tile Secretary t)t" l)efense on all mailers,

inchl<ling the issttallce or transfer of each license, under Ihis Act aflk_cting national setu-

rity. The Secretary of 1)el_:nse shall be responsible fi)r identifying and notifying the Secre-
tary <)1those national security interests of the United Slates which are relevant to activities
under this Act.

(b) The Secretary shall consuh with the Sccretaty of State on all matters, inchlding

the issuance or transfer of each license, un<ter this Act affecting foreign policy. The

Secretary of Slate shall be responsible for identifying and notiB:ing the Secretal3_ of those
foreign policy interests or ohligations of the United States whi(h are relevant to activities
under this Act.

(c) The Secretary shall consuh with other agencies, am appropriate, in order to carry
out the provisions of this Act.

REI_ATIONSttlP TO OTHER 1,_.WS AND INTERNATIONAl+ ()BI ,I(;ATI()NS

[l'rohibitions. 49 US(: app. 2620. ]

SEC. 21. (a) No State or political subdivision of a State nlay adopt or have in elfeet any

law, rule, regulation, standard, or order which is inconsistent with tile provisions of this

Act. Nothing in this Act shall prechtde a State or a political subdivision of a Slate tiom

adopting or pttuing into effect any' law, rule, regulation, standard, or order which is con-

sistent with this Act and is in addition to or more stringent than any reqtfirement of or

regttlation issued tinder this Act. The Secretary may, and is encouraged to, consuh with

the States to simplit), and expedite the approwd of space latmch activities.

(h) A latmch vehicle or payload shall not, by reason of the latulching of stroll vehicle

or payload, be considered an export ior purposes of any law controlling exp<)rts.

(c) Nothing in this Act shall apply to-
(1) an++--

(A) launch or operation c,l+a launch vehicle,

(B) operation of a latulch sile, ,)r

(C) other sl)ace activity, carried out by the United Slates oil hehalf of the
United States; or

(2) any plamting or policies relating Io any such launch, operation, t)r activity.

(d) The Secretary shall cart T out this Act consistent with any obligation assunled by

tile United States in any treaty; convention, or agreelnellt lhat nlav be ill lorce betwcel_

the United States and ally toreign nation, lit carITing out this Act, tl_e Secretary shall con-

sider al)plicahlc laws and requirenlents of any f<)t+eign nation.
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REPORT ON LEGISLATION

[Reporc 49 USC app. 2621.]
SEC. 22. (a) Not later than the last day of each fiscal year ending after the date of enact-
ment of this Act and before October 1, 1989, the Secretary shall submit to the (;ommittee

on Science and Technology of tile House of Representatives and the (:ommittee (m

Commerce, Science, and Transportation of the Senate a report describing all activities

undertaken under this Act, including a description of the process for the application tot

and approval of licenses under this Act and recommendations tot legislation that may filr-
ther commercial launches.

(b) Not later than July 1, 1985, the Secretaly shall submit to the Committee on

Science and Technolo_' of the House of Representatives and the Committee on

Connnerce, Science, and Transportation of the Senate a report which identifies Federal

statutes, treaties, regulations, and policies which may have an adverse effect on commer-
cial latmches and include recommendations on appropriate changes thereto.

SE\_RABII,ITY

[49 US(; app. 2622.]

SEC. 23. If any provision of this Act, or the application of such provision to any person or
circumstance, is held inwdid, the remainder of this Act and tit(' application of such provi-

sion to any other person or circumstance shall not be atfi-cted hy such invalidation.

AUTHORIZED APPROPRIATIONS

[49 USC app. 2623]
SEC. 24. There are amhorized to be appropriated to the Secretary $4,000,000 for fiscal

year 1985.

EFFE(:TIVE I)ATE

149 US(; app. 2601 note.]

SEC. 25. (a) Except for section 15 and the authority to issue regulations, this Act shall take

efiect 180 days after the date of enactment of this Act.
(b) Section 15 shall take effect on the date of enactment of this Act, except lhat noth-

ing in this Act shall affect any agreement, including negotiations which are substantially

completed, relating to the acquisition of launch property or launch services of the United
States entered into on or before the date of enactment of this Act between the United

States and any private party.

[Regulations. ]

(c) Regulations to implement this Act shall be promulgated not later than 180 days
after the date of enactmrn! of this Act.

Al)l)roved October 30, 1984.
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Document 111-5

Document title: Craig L. Fuller, Memorandum for the President, "Determining the Lead
Agency for Commercializing Expendable Launch Vehicles," November 16, 1983.

Source: Ronald Reagan Presidential Library, Simi Valley, California.

Following the Mc O, 1983 decision that the gove_wment would su[_bort the commercialization of
expendable launch vehicles, there was a vifforous _ix-month detmte within the executive branch about

which Cabinet agen O, would have re,qmnsibili(_, ft,- this new sector qigovern ment activi(y. The issue

finally came to Pr¢_ident Reagan .fi_r resolution on November 16, 1983. Following a meeting _ the

Cabinet Council on Competitiveness and Trade (sta[]i,d IO, ('raig Fuller) at which the issue was dis-

cussed, Secretary of Transportation Elizabeth Dole pe_:suaded Reagan that her agen O, should have

jurisdiction. 7"his memorandum recmd,s that presidential decision.

THE WHITE HOUSE
WASHINGTON

Novcniber 16, 1983

MEMO1L_XNDUM FOR THE PRESIDENT

FROM: CRAIG 1. F(YI,LER [hand initialed "(;I.F"]

SUB.JECT: Determining the Lead Agency tot Commercializing Expendab e Launch Vehicles

,_s discussed in the meeting this morniilg of the (_abinct Council on Commerce and

Trade there are the |ollowing three options wilh regaM to determining the lead agency
ti)r connllercializhlg exl)endahle htnllch vehicles (I_]LVs) :

"Ihke nil position at this tinle <in the lead agency for colnnicrcialization of ELVs and

await tiirther discussion of broader space coniniercialization issiies. Congress would
be told that lhe Administration has no position al the preselll time on this matter.

2, l)esignale the I)el)artinent of (]omnierce the lead agency for commercialization of

EI,Vs. An execuiive order would be prepared for signature arid testiinony wouM be
drafted in accordance with this decision.

3. l)esignate the Departnienl of Transportation the lead agency |or conimercialization
of EI,Vs. An executive order would be prepared for signature and testinlony would be
drafted in accordance with ihis decision.

()tiC(')'(ill niake a decision, we will take the appropriate steps to iniplement it. If VOtl

wish to make a decision today we will advise the agencies this afternoon in order Io aliow
Ih('in ail opportunity to testiI}, at tolnorrow's hearing.

Dccision

[initialed "RR"]

1. No decision at lhc present time.

2. l)esignale Itw l)epaltnlelll of (]ommerce as the lead agf3ncy,

3. Designate lhe Departnient of qiansportation _ks the lead agent):
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Document 111-6

Document tide: Gerald J. Mossinghoff, Assistant Secretary and Commissioner of Patents
and Trademarks, to Elizabeth Hanford Dole, Secretary of Transportation, letter regarding
recommendations of the Commercial Space Transportation Advisory Committee,

October 31, 1984, with attached: committee recommendations, October 23, 1984.

Source: Office of Commercial Space Transportation, Department of Transportation,

Washington, D.C.

A._ it took over l_.sponsibili(v for both promoting and reKulating the fledgling commereial space tran.s-

portation industry, the Department of 7iansportation created a Commercial Space Transportation

Advisory. Committee, soon known as COAISTAC. This committee was a means qf getting the views _?]
relevant individuals and firms on how the d_tmrtmevlt couM best care), out its responsibilities. This

letter transmitted the recommendations o[the first COMSTAC meeting to Secreta O' 0/ 7}an_portatio.

Elizabeth Dole.

UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office
ASSISTANT SECRETARY AND COMMISSIONER

OF PATENTS AND TRADEMARKS

Washington, I).C. 20231

t lonoral)le Elizaheth Hantbrd Dole

Secreta D' of Transportation
400 Seventh Street, S.W.

Washington, DC 20590

[stainpt'd ()CT 31 19841

Dear Madame Secretmy:

On Octobcr 22 and 23, 1984, the Commercial Space Transportatitm Advisory

¢;ommittee held its first meeting in the De|)artment of Transportation headquarters build-

ing. Twenl)'-two members, along with representatives of the public and press, attended. I

was privileged to act as Chairman for this meeting.
In keeping with the COmlnittee's chattel, a numl)er <)f matters related to the com-

mercialization <)[expendable launch vehicles (EINs) were brought beli)re this fi)rum. The
members discussed the health of the industry, the licensing process, international com-

petition, STS (Shuttle) policies, the cost and use of Government facilities, and interna-

tional legal issues. There was an extended discussion about the focus of the nation's

Shuttle program, and it was the desire of the members to have this issue reviewed further

at the next meeting. The comnfittee strongly supports and end<)rses the need t() maintain

ol.lr collllllercial launch capability as a llaliotlal asset.

Dm-ing the course of the committee's discussions, a number (,1 recommendations

were deveh)pcd and reviewed by the committee. The colnlllittee agreed to the eight rec-
ommendations which are ench)sed with this letter, lwottld he pleased to discuss these rec-

(}lnlllelldiltions wilh v()u filrl]ler a| V()llr COllveniellce.
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I greatlyappreciatedtheopportunitytoserveasChairmantor tile first session, and I

hope you will agree with me that tim comnlittec gol off to a running start.

_)tns very truly,

(;erald J. Mossinghoff

Assistant Secreta D, and Comnfissioner
of Patents and Trademarks

Enclosure

Copy Io: Members of the Commercial Space q)'ansportation Advisory Committee

**gg@**ggg

[1] COMMER(_IAL SI_\CE TIL_NSPORT\TION

AI)VISORY COMMITTEF

October 2% 1984

RE(:OMMEN1)ATi()N #1 : STS Pricing Policy

A. The STS and commercial launch vehicles should complement each other lo provide

a national space launch capability hased on their own inherent advanlages.
B. The commercial launch indust W cannot hccome viahle unless a tree marke! environ-

menl is established. STS pricing should not place comlnercial launch operators at an
unlair disadvantage. Government project managers should be free to select latmch
vehicles based on their merits.

C. The STS has proven its value tot a variety of missions and should not have to.justit_:

itself on the basis of its market share of commercial payloads.

D. The commercial space induslry--EI_V, upper-stage and spacecraft producers--urgenl-

ly needs a prolnpt decision li-om the Administration on STS pricing policy. Timing is

critical and, unless lhese issues are quickly resolved, the opportunity for the deveh)p-
mentofa viable commercial ELV industry will be lost.

REC()MMENDATION #2: Launch Insurance

A. The I)epartment of Transportation should analyze whether the (;overnment should

provide hack-up launch insurance (i.e., It) be an insurer of last resort) tot ventures

which cannot he tiflly insured commercially.

B. In this capacity, the (;ovcrnment sh<mhl not cotnpete with private sector insurance

nor should it take on a regulatory role.

RECOMMENI)ATION #3! Financing for Start-ups of New Ventures

The 1)epartment should analyze the tkmsihility of estahlishing new mechanisms ti)r tinanc-
ing new commercial space transportation ventures.

RI';COMMENI)ATION #4: Sali'ty Regulation

A. The Committee recognizes that the Government's responsihility is to prolect the [mblic

satety, assure that our international obligations are met and protect national security.
[2] B. The private sector should have primary responsibility ti)r reliability and mission

success. The (;overnnlenl should have primar T rcsponsihilily t_r pul)lic safety and
protection of proptwty.
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C. While recognizing the need for adequate information to comply with our treaty oblig-
ations, the Government must make every etlbrt to protect privately funded propri-

etary in|brmation and equilmlent.
D. The Department should consider licensing range safety officers, either from the

(;overnment or private sector, to assure that the necessm y range safety measures are

taken on commercial ranges.

RECOMMENDATION #5: Investigation of Accidents

The Department should address the issue of what body will investigate commercial

launch, orbital or other accidents, and under what conditions. Responsibilities and autho-

rization must be clearly defined.

RECOMMENDATION #6: International Competiti<m

A. The Comnfittee recognizes the potential for unfitir international competition in pro-

viding launch services and recommends that the ILS. (;<wernment enlploy all avail-

ahle tools to counter any such nnlb.ir competition.

B. The U.S. should eschew countervailing subsidies as a remedy.

REC()MMENDATION #7: Commercial Use of E1N Facilities

A. Since EIN launch and support facilities and unique equipment have no value unless
they are maintained, the Government should only require that the operators keep

them in an operational slate at no cost to the Government. This will save the

(;overnment the cost of shutting down and/or "mothballing" the tacilities. Title to the

property need not be consigned to the ELV launch operators.
B. The EI3/ launch operators should pay for all other tacilities and capabilities on an

additiw" or direct cost basis.

RECOMMENDATION #8: U.S. Delegation to United Nations
Committee on the Peaceflfl Uses of Outer Space

The Department of Transportation should be represented on the U.S. Delegation to the
United Nations Comnfittee on the Peaceful Uses o1 Outer Space and its legal and scien-

tific/technical subcommittees.

Document 111-7

Document title: Robert C. McFarlane, Memorandum for The Honorable Elizabeth H.

Dole, Secretary of Transportation, "STS Pricing Issue," June 21, 1984.

Source: Ronald Reagan Presidential Library, Simi Valley, California

(htce assiffned the lead government _ole in overseeing the development of a commercial ,_pace trans-

portation indust_3,, the lkepartmenl of Transportation and its Secretary, Elizabeth Dole, became ]bn:e-

/id advocates [or _tpolicy' that woahl p_ice Space Shuttle launcheL/br commercial user_ at a level hil4t_

enough to allow the lnqvate-sector operator_ of expendable launch vehicle,_ to compete with NASA and

the Shuttle ]irr commercial contracts. As the National Security Council and its Senior Interagen 0'

Group (Space) considered the Shuttle pricing issue, National Security Advisor Robert (Bud)

Mel:adane, its chair, pointed out to Secretm)' Dole the many considerations that needed to go into the

deei._ion on Shuttle p6cing polio'.
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[ 1] THE WHITE HOUSE
WAS[t i N( ;TON

MEMORANDUM FOR

SUBJECT:

THE HONORABI.E ELIZABETH H. DOI,E

Tile Secretary of Transportation

STS Pricing Issue

June 21,1984

Following your recent telephone call, I think it would be useful to outline the ,atio-

nale behind our proposed policy recommendation to the President on this issue. I believv

our reasoning is sound, but I would appreciate hearing if you have a contra D' view.
As 1 nnderstand it, there is concern thai continn,>d l_)',s' prices for Shuttle launches

represent a serious obslaele to a viable U.S. commercial EI.V industry. 11 is argued that
these low prices resuh frnm government subsidies to the Shuttle whiefi must be removed

by requiring NASA to base its prices on the full recovmw of costs. Supporters of lhis view
point out that the intelll of the President's ohjectives fi;r comnlercial EINs as contained

in [Executive Order] 12465 and NSDD 94 cannot be fully implemented until these "sub-
sidles" are removed.

As you know, NSDD 42, National Space Policy, requires NASA to assign its highest pri-
ority to making the Shuttle tully operational and cost-eltective. NSI)D 94 stales that,

beyond FY 1988, it is tile governtllenl's illtellt that Shuttle prices be based on full-cost

recovery. At issue is whether the NSDD on National Space StrategTy' should go beyond this
policy by establishing a specific date fi_r full-cost recovery (rather than sometime "beyond

F"r' 1988") and whether Shuttle prices in the internali<mal marketplace should be based,
at least in part, upon prices charged hy other toreign launchers.

We have evidence to suggest that die French Ariane H.V would he the primary hene-

ticia D' of an increase in Shuttle prices. As you know, the French government hea,_41v sub-

sidizes the Ariane launcher and currently underbids [!.S EI.Vs for most launches. We

believe the French will continue to st,bsidize the Ariane in the interesl of capturing an

even larger share of the market. If NASA is arhitrarily forced to raise its S]lttltle prices, it

appears that Ariane, and no! U.S. EI,Vs, will benefit through increased demand flom pay-

load customers. Such a result would obviously undercut the President's primm T goal {)f
maintaining U.S. space leadership.

I2] Removing the Shuttle as a viable contender in the international marketplace would

also have other serious implications. The Space Shuttle represents a significant and high-

ly visible illstrunlelll of our foreign policy. The Shuttle is an effective means for prom<li-

the international cooperation, good will and technological growth among our friends and

allies. The flight of foreign astronauts on the Shuttle along with their payloads is one
example of how the President uses the Shuttle toward lhese ends.

I)iminishing the Shuttle's competitiveness could also be counterproductive to our

other space commercialization goals. NASA is attempting to encourage commercial users

to cal)italize on the unique attributes offered by the manned capal)ilities of the Slmllle.

The potential of tilt" Shuttle to spawn new industries in such areas as materials processing

and lnanltfact/ne of medicines should not be discouraged. The President strongly su}>
ports initiatives to stimulate these pioneering eltorts.

Finally, a reduction in foreign and domestic commercial Shuttle launches resulting

from increased prices could possibly result in increased prices charged for U.S.

(;overnmenl launches. To tile extent that NASA's fixed costs would be spread over fewer

launches, civil and I)OD users might be required to share the burden through increased

prices for their latmches. Therefore, we have reason to question whether the taxpayer's
burden would be truly reduced. In short, a reduction in Shuttle subsidies to foreignand

comnlcrcial I.Isers ('ould conceivahly he offeet by increased prices to government users.
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The hottoln line is that we must proceed prndently and cautiously in resolving this

issue. Wc must tormulate a policy which is in the overall national interest and reconciles

our contlicling goals. The draft NSDD on National Space Slraleg_' currently stales, in part:

Prices for STS services and capabilities provided to commercial and foreign users
on and after October I, 1988, will retlect the tidl-cost of such services and capa-

bilities consistent with the need to maintain international competitiveness in the

provision o[ launch services. NASA, in consultation with other agencies, will

develop a time-phased plan tot implementing full-cost recovery tor commercial

and foreign STS flight operations on October 1, 1988.

This tormulation advances the current policy by requiring flfll-cost recovery' on at

specitic date, but recognizes the international implications of Shuttle pricing. It continues
[3] to direct NASA to drive down Shuttle costs and reduce the burden on the Federal bud-

get. We would look to the "time-phased plan" ms the means tor increasing our under-
standing of the full implications of tuture Shuttle pricing and to implement a course of

action that we can all agree upon.
()n a related subject, the National Space Strategy +will also endorse DOD's require-

merit tor assured access to space and the need tot a limited number of ELVs to back up

tire Shuttle+ The contractual and funding mechanisms to satis_, this requirement are

being worked otrt between I)OD and ()MB. ]towever, if I)OD proceeds with their plan to

p,ocure EI+Vs, tiffs action should serve to further underwrite our commercial EIN objec-

tives by maintaining tire industrial base.

Again, 1 would appreciate your views on onr proposed recommendation to the
President on this issue.

[signed '+Bud McFartane"]
Robert C. McFarlane

Document 111-8

Document title: James M. Beggs, Administrator, NASA, to President Ronald Reagan,

September 17, 1984.

Source: Ronald Reagan Presidential Library, Simi Valley, California.

The mid-1984 _+?zite House statement of National Space Strategy called ./br setting a Shuttle price

after October l, 1988, that woubl enable '_[ull cost recove U. " 7he precise meaning of this te_vn was a

+ubject ++/cousiderable debate between mid-1984 and mid-1985. In this letteP; NASA Administrator

.]ame.s Begg_+g/ve._ the space agen+_ _ initial poL_ition on an appropriate Shuttle price to meet the poll

+y otqective. The supportin_ dmumentation in the enclosure to this letter does mJt appear here.



EXPI+<_)RIN(; TIlE UNKNOWN 447

[no pagination]

NASA

National Aeronautics and

Space Administration

Washington, D.C. 2{)546
Office of the Administrator

The President

The White House

Washington, D.C. 20500

September 17, 1984

Dear Mn President:

This letter, with its supporting documentation, proposes a price tot commercial and

tbreign Space Shuttle flights in tim FY 1989-91 time period. Your recent instruction to us

that Shuttle services he priced so as to recover the full (osts of operating the system is sat-

isfied hy this proposal. I am coniident that aheady strong puhlic and Congressional sup-
port 1or the U.S. space program will only be enhanced by this approach which will reduce

costs to the U.S. taxpayer.

The Shuttle is a central element in this nation's projection of world leadership in

space. Shuttle flights capture the attention and imagination of people the world over. This

remarkable impact is due in part to tile exciting men and women who are our astronauts.

And the impact also results from the fact that evelw Shuttle flight is a tangible demon-

stration of the staggering capabilities of American t;t'chnolo_,. Obviously, to take advan-

tage of the power of Shuttle, we must fly it. And, in particular, we must use it tor

commercial and ti)reign missions which present highly visible opportunities for private cit-

izens and loreigne,s to tly with us. I am comfortabl_, that our proposed new prices lor

Shuttle flights will enable us to continue using the Slmttle ett(:ctivcly and to maintain a
leadership position in the international arena.

NASA's Shuttle pricing plan is laid out in detail in the enclosed documentation.

Because we are dealing with a period fi)ur yem-s in the ftHnre, we have had 1o make a num-

I)er of assumpti(ms to project important t:actors like learning ct,rw's and tlight rates. I am
confident thai our projections reflect the t)estjudgement [sic] awtilable--I)ased as they

are on twenIy-five }'ears' expcrience in providing launch services R)r both the U.S.
(;overnnxent and the commercial market.

Based on an in-depth analysis of our experience to date and on our projections

regarding fllllne tlight dcnmnds and the system itself, we have calculated thai the average

tilll cost recovm T price over the threeffear period FY 1989-91 would be $83.3 million per

flight. _,k' are proposing, however, charging a list price of $87 million per Shuttle flight,
with tim llexihility to a(!jttsl that list price up or down by as ranch as 5% to accomodate

[sic] special conditions relating to individual customers' situations. This baseline price is

conservative relative to our calculated costs, thus giving us a sal+ety nmrgin ti)t +achieving

your goal of thll (:()st recover, for commercial and toreign Shuttle operations. For point
of comparison, the price for a Shuttle launched today is $38 million; the price we will be

charging in the FY 1986-88 period is $71 million (all figures in 1%* 19825). Thus we are

proposing a $49 million or 130+_ increase in Shuttle prices to the pri+mte sector over the

next lout years. Despite this stee l) rise, we think that the Shuttle will continue to compete

sttccesslhlly against the European launcher Ariane. Ariane prices are sut)sidized by the

European governments, an<l we h<>pe thai they will take advantage of our price hil_e by
raising their t)rice.
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NASA has played and will continue to play a major role ill supporting tile

Administration's interest in promoting tile developnlent of a U.S. private sector expend-

able launch vehicle industry,. Higher Shuttle prices will provide private sector expendable

launch vehicle companies the opportunity to compete more efiectively for commercial

and foreign cttstomers. Furthermore, our higher prices, coupled with more efficient pri-

vate sector operations, will provide headroom so that private operators can set their prices

at levels allowing significant profit margins. With the Shuttle taking the role as price

leader in the launch services ma,'ketplace, the viability of private launchers will depend on

whether tile)' can compete with Ariane which has declared its intention to will against all

U.S. competition.
NASA is providing strong support to your initiatives stimulating the commercial use

of space. We have, throughout our history, had an active program of making our tech-

nolo_' available to U.S. industl T. Today there are in excess of sixty companies involved in
NASA commercialization activities, making NASA the focal point of this nation's space

commercialization activities. Through our program of joint endeavors with U.S. indust D'
and our technical support to space entrepreneurs, commercial upper stage manufactur-

ers and the fledgling ELV industry, we are providing opportunities for the development

of space-based businesses which should belp to proiect this country's space leadership into

the future. +Vs in tile past, one of our contributions to snell government-industry partner-

ships will contintle to be reduced rates [br access to tilt" Shutllc. This approach has ettiec-
lively stimulated private sector investment and involvement in space activities, tilt: nlos|

strik_ing example to date being tile very promising Mcl)onnell Douglas/Johnson &

,]olmson research on pharmaceutical manul:acturing in space with which yon are familiar.
,_s new industries mature and enter into tilll scale space production, they will, of course,

be charged the [idl cost recove D' price for their flights.

I hope you will approve our recommended pricing plan for the period l"Y 1989-91.

Yt)nr prompt action will permit us to contillne doing our part in the important task of

maintaining U.S. leaderstlip in space transportation.

Respectfully,

Jamcs M. Beggs
Administrator

Ellclosnre

Document 111-9

Document title: Lawrence E Herbolsheimer, Memorandum for Craig L. Fuller, "OMB's

study on U.S. ELV competitiveness," November 13, 1984.

Source: Ronald Reagan Presidential Library, Simi Valley, California.

As part oJ the 1984-85 debate over the aptmrpriate price/or NASA to charge commercial users 0/ the

Space Shuttle, the Office q" Management and Budget (OMB) assessed the likely competitiveness o[

expendable launch vehicles (ELVs) in the commercial launch market. Lawrence Herbolsheimer was a

White thmse sta[ f person; Craig Fuller was the staff person in the BT_ite House itor the Cabinet

Council on Commerce and Trade with particular invohmment in space commercialization issue._.
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TIlE WHITE HOUSE

WASH IN (;TO N

November 13, 1984

MEMOIL,\NI)UM FOR CRAI(; I. FUI.I.ER

FROM: L_WRENCE E I IERB()I.SHEIMER [signed "IJ:l r']

SUBJECT: OMB's study on U.S. ELV competitiveness [handwritten underlining]

l tlmught you would appreciate seeing a summal T of ()MB's coi_clusions and some of ils

reasoning about the fimHc of El,\:s in the United States. The [bllowing are the highlights:

- The U.S. has aheady h)st its dominant market position in the commercial marke!
an<t will not bc able 1o reclaim it.

- Ariane has already gained a signilicam share of tile illarket till(| oilier llati<)lls

have near-term capability to pa,+ticipate in the market. These systems are nalion-

ally, supported systems in which pricing is not necessarily related to launch costs.

U.S. commercial operators will be less likely' and able to compete against these
subsidized systems.

- The aggregate potential supply of launch services is lar in excess of near or long
term demand.

- A signil]cant increase ill S|ltltlle prices wol,ld not nc(essarilv assure lhal U.S. EI_V

operators will be compelitive over the long tern| widl olhel _national svslems.

- A °,0% increase in STS prices over the re(cnt NASA pricing ])roposal ()f$87 mil-

lion ($ 1982) would I)e required to allow U.S. purely c()mmercial EI.Vs to (ore-

pete initially (presuming that Ariam" and other suppliers continue to track Ihc
.Shutl[e price).

- (',ommunicalions payloads will contintw to be the (h)minan! source (fl(:ivil latmch

demand fi)r the next 5-10 years, l lowcvcr, dcpcnding upon U.S. (;ow'r,mwnl

demand lor launch se,-viccs and du" achievement of flit" Shuttle projected tlight
lillc, the tlllllr(, availability of the STS [or Commercial and toreign launches may
range as high as half o[' lhc Free \Vorld lllalk('t. S1wh all increase in Shuttle avail-

ability would iulensit}' pressures tot the Shuttle to COlll])eI(, directly with EINs for
c()mmcrcia] t ]all]c.

Document II1-10

Document title: Gilbert D. Rye, National Security Council, Memorandum for Robert C.
McFarlane, "Corporate Letters on the Shuttle Pricing Issue," July 1, 1985.

Source: Ronald Reagan Presidential Library, Simi Valley, California.

As- the debate q/Space ,_'huttle pricing wached its climax in mid-1985, two °/ Ihe aero._pm'e indu._tr_'
firm_ with I,;I.V_ that were ca_Midale_ ./m iommercializalio**, M(irtb_ Marietta and Mcl)onm,II

l)ouLqt,._, _e_¢tleller_ to 15e_ide_H lCe<,gr+n'__\Tllional &'curtly +'l<lPi_or Hobart Mcl, hHane, ex[ne_si_g-
doubl_ re_'(t_di_ the bene/tt_ to El.l" mmmercialization o[a "high Shullh" price. ,/oh_ I)oindexte_; men-

lio_e(l i_ Ihi_ nu, motandum /ram the .\'alioHal Security, (;ouncil'_ ._lff[] per_on m_ _/)ace i.v_ues, (;il

Ill,e, w(l_ M_l"arlm_e'_ de[)u(_'. The [*'th'r_or_ffi_/all_, alla):hed Io Ihi._ memo (7"M,_ l, II, Ill, aml I1') mr
m_gHim_ed hul m_l i_cluded here.
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MEMORANI)UM
NATIONAL SECURITY COUNCIL

5115

July 1, 1(.)85

ACI'ION

MEMORANDUM FOR ROBERT (L McFARIANE

FROM: GII.BERT D. R_,)_ [handwritten "Gil"l

SUB.IECT: Corporale I.t'tlers on tilt" Shuttle Pricing Issue

You ]lave received two letters from industry on the subject of the Shuttle Pricing Issue

('labs III and IV). As you know, John Poindexter is currently chairing the SIt; (Space) ill

an attempt to either resolve the issue or provide options for the President's consideration.
So t_u we have had r_,o meetings on this subject and will have at least one more.

In the way of background, the Department of Transporlation (which has purported

to represent the expendable launch vehicle industries) has advocated a higher Shuttle

price tot toreign and domestic tlights in order to allow commercial expendable launch
vehicles (EI+Vs) to elltel" tilt" marketplace and beconte cmnpetitive. I)OT has used the

President's decision for achieving full cost recovery <m Shuttle launches (as promltlgated

ill the National Space Strategy) as lhe basis for arguing for higher Shutlle prices. NASA

has argued that an increase in the Shuttle price will l)enctit torcign competitors (primar-
ih the Frelwh-huih At\am" booster which has tonsisicndv underl)id the Shuule for satel-

liie latmches) rather Ihan I!.S.-buih El,Vs. Further. NASA argues that each Shultle tlighi

over alld above those pnm'ided govel'lllllelll ttsels shotdd t)e accepted as I<mg as the price

charged for these tlights covers NASA's tnargimd cost.

In the process of deliherating on this isstie, there tlas been sonic obvious tohhying
illchlding St)lile stiggeslion (probahly by NASA) io those COllll'actors which illallllJ]tClille
l']l.Vs (Marlin Marietta, McDonnell Douglas and (;eneral Dynalnics) tt) express lheir views

Oll this subject. While NASA could t)ossihly be a(Cllsed of applying tlllJ;ail t)FeSSllle ilpOll

:<lei-ospace COlllraclolS lhal henet]l tronl other NASA work, lhe facl renlains thai a [7)rnlal
t)osilion by FI,V inalilll{ttllilers lhal a higher Shulile price would i1ol henel]l tile cOiil-
inercialilaiion of H,Vs appears it) severeD, illldeictil the DOT arglimt'lll. Regardless, tile

siiggesled relllii's Ill lilt' IWO letters do nol lake a I)OSilion t)ll res_llulion ol lhis issue.

RE(X)MMEN1)ATI()N

Thai you sign lhe letlers al "Hit) l and [I.

Al)pr_lv< + Disapprove

Document II1-11

Document title: Robert C. McFarlane, Memorandum for the President, "Shuttle Pricing

for Foreign and Commercial Users," July 27, 1985.

Source: Ronald Reagan Presidential Library, Simi Valley, California.

After almost a year tj debale, lhi., memorandum.flora Naliomd Security Advm, r I¢obeTl C. Mct'hrlam:,

clmirma, ,J" ihe Senior h_teral4ency (;roup (Space), han_mitted the ffroup :_ mvmm,,_Matim_ 01_

Shuttle pricing to 15-e._ident Reagan. 77_e memorandum wa_ [,repa_'d IO"Air kbrce (',olottel (;i/bert I¢1e,

the pmuipal Natim_al Securi(;' Coum'il person JOt .space is,sue_. The/bur aUachment,s to thi._ memo

(7".h_ A, IL C, and 1)) do md _t[)pettr here.
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[ 1] MEMOIL_kNI)t !M ["UN(]I.ASSIFIED" stamped ()v(w "SE(IRET"]
THE WHITE I I()USE

WASI [IN( ;T()N

SYSTEM I [

The President has Seell __ [hand-initialed "'RR"]

July 27, 1985

A(]TION

MEM()RANI)UM FOR TIlE PRESIDENT

FROM: ROBERT C. McFARIANE [hand-initialed]

St;BIE('.T: Shuttle Pricing tor Foreign and Commercial t!s('vs

Isstu:

Which al)t)roach Io tccover file full (osl <)t the Space Tl'allSpOl'lilti(.)ll SvM('III (S'I'S) services

to commercial and t(wcign users al'tet + 1988 best scvv(:s Ihe overall naiional inlerest?

Facts

NASA will charge commercial and foreign Shullle cuslonlers a price of$71M per tlight dur-
ing Ill(,' FY 1986 to I!)88 l)(wiod. The issue VC(luiving your resolution deals wi01 ill(.' ]-']' I (,)N{}

)<) 1991 period. Two options represented fi)v V(mF decision: l,ow Auction Pricing (Option

#I ) and I ligh Auction Pricing (Option #2). The Senior Intcragcncv (;roup for S])acc met

I]II'CC Iilll('S Oil lhis issue and fOl'llllll_lt('d Ill(" iSSUe paper at "lab B |(;r "votll consideration.

I)iscussi()n

Ill our opinion, ()plion #1 t)(,s! satisfies Ill(" ov(qall national intt'r('sl as retlc(t(,d itl the

space policies which you hay(" prcvi()uslv pr()nmlgal('d. You should recognize, however,
thal adopli{)n ()f Option #1 will diminish' the prospects tot Ill(" (onlmerciali):ation ()f l_r.S.

expendable launch vehicles (EI+Vs) since the price ()|+ Ihc Shulth' is p,obably th(" m()s!
importanl [_wtor in tultilling this objective. 1)uving ()ur d('libcrali()ns, one th{l()r has

remained constant. Any significant incrcas(' in the ShlLtl](" pric(" will b('nvfit It/(' Fven(h-
buih Avianc Elk, _ rather than any plospt'ctiv(, U.S. EI,V due to the ('oMmilllllelll bv Fl+allC("

to underbid both Ill(' Stn,ttlc and LI.S. El +Vs. A higher Shuttle price would pv(/vid'e Ariane

with a greater share ()1 the inlevnalic)nal mavk('t lot launch sevvi('cs, a grcatcl ])r()tit m;ll'-

gill, and thereby pv()l)al)ly provide tllcm with a means t() ('xpand lh('ir pv()duction (ap;tc-

it} t() capture an even larger share ()f tile market. While it is lrue that oplion #l pr()l)al)lv
does not )+('t]('(t all {on(+eivabh, costs asso(iated with Shut(l(, I()l('ign and (()nml('tcial

launches, it does vc|))+csent a reasonable basis ['()v full cost recov(.vv and is consistent with
the accounting i)vacti(.es utilized by Aria.he.

[2] If there is a genuine market toF t.T.S. EI+Vs, we ['eel confident that the U.S. aev<)Sl)aCc

industlv will make tim n('c('ssav?, inv('stment to construct an EIN Olat is competitive with
foreign launchers without the need tbv the U.S. (;overnment t<) artificially raise th("

Shutth_ pti('e t() the level proposed ill ()ption #2. Furthermore, v()u rec('ntlv auEh()viz('d
the Department of DeR'nsc to procure ten EI,Vs which ,,viii be mamdh('turcd I)v lh(' Marlin

Mar!ella (]oq)oration. Y()u also chartered [a] joint DOD/NASA sludv aimed at dcl('rmin-

ing U.S. launch v('quircments and techn()log 7 li)r Ill(' ])('1iod of 19(.')5 and beyond. This

stu(Ix will be used as a basis for development <)f any required future laun(:h (:_q)abililv t¢)

sat!st},' th(' vcquir('u)cnts of S1)I [Stralegic l)cfi+'nse'Initialivc], Space Slat i()ll, ol + |)ossil)lv

others. Two of the three pot('ntial U.S. ELV manufacturers have written to me indicating
that Ill(" comnmrcializali<m <)f EINs is not t_,:asil)le at this time (Tab (]). Additionally, seven

lead(ws ti()m tim _l('l'()st)_l('C industry have written to you indicating that any sig_6ficant
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increase ill tile Shuttle price could seriously endanger your other space commercialization

ol)jectives (Tah D). AJI agencies, except tot the Department of Transportation, recom-

mend that you approve Option #1.

Tiler(" is some urgency in obtaining your decision tm lifts issue. NASA must provide hids

next week on two upcoming competitions that involve launches in tile FY 1989 period.

Also, ill tile absence of an Administration posilion on Shuttle pricing, the (kmgress plans

to attach a provision to the 1_" 1986 NASA Authorization Bill which would dictate a price.

Reconllllelldatio[l

OK

[hand-initialed "RR" [

N() That you sign tile NSDD at Tah A which recomnwnds the

__ inqllementation of the hlw auction pricing option.

Document 111-12

Document dtle: The White House, National Security Decision Directive Number 181,

"Shuttle Pricing for Foreign and Commercial Users," July 30, 1985.

Source: Ronald Reagan Presidential Library, Simi Valley, California.

A/ler more than a _'ear o[ debate, the position t/tat the Space Shuttle price jot commercial users shouM
be set at a level aliowing the Shuttle to compete with European and Soviet launcher_ prevailed, town

![that meant that U.S. EI.I!_ would be unlikely, to be able to enter the commercial launch market. This
decision, embodied in this National Security Decision 1)i_vctive, was announced tO, the t_7_ite ttouse

on.lull' 30. 1985.

"FILE WHITE HOUSE

WASH IN(;TON

NA 7'IONA L SIfCURIT")" 1)1:'¢;ISION

1)11¢1,'C771,7! NUMBER 181

SYSTEM ! l

9O798

.]uly 30, 1985

SHUTTLE PRICING FOR FOREIGN AND COMMERCIAL USERS

NSDD 144, National Space Strateg T, directs the development of a plan for imple-

menting fllll cost recovery of foreign and commercial Shuttle tlights occurring after

()ctober l, 1988.

Beginning in FY 1989, Shuttle tlight capacity will he sold at auction to fbreign and com-
mercial users. The NASA Administrator will estahlish auction procedures to ensure maxi-

mtnn return to tile government and equitatlle treatment for all i)()lenlial launch customers.
The minimum acceptable bid will be $74 million (in 1982 dollars) per Shuttle equiv-

alent. Three Shuttle equivalents per year will be available to tilt, foreign and c()mmercial

market until two years betore the launch year, at which time NASA may oHor any remain-

ing mmsed capacity. NASA may accept bids for multiple payloads at the auction price, suh-

ject to tile above quotas. The above quotas will not apply to flights for new and innovative

uses of sl/ace.
NASA will review annually Shuttle cost experience and the anticipated future effec-

tiveness of this pricing policy in implementing National Space Policy goals under chang-

ing market conditions. NASA will suhnlit its annual report, together with any
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reconmmndatious for changes ill the auction tloor price or other aspects of this pricing
policy, to the Assislanl to the President tor Naliotlal Security Altairs and the l)irector of

tile Ottice of Ma,mgement and Budget. Any policy isst,es rest(lting tiom this annual report
tnay be reR'rred to lhe SI() (Space).

The pt+ice charged to the l)eparmmn! of Defi, nse tot Nhutlle tlights will be negotiated
separalcly from this t0reign and commercial pricing policy and will be based on NS1)I) 164

and appropriate compensation tot l)Ol) services rcndere<l in comm<:tion wilh Shullle tlighls.

Document111-13

[signed "Ronald Reagan"]

Document title: U.S. Department of Transportation, Office of Commercial Space
"FeTransportation, deral Impediments to Development of a Private Commercial Launch

Industry," report submitted to Congress, July 1985, pp. 1-2.

Source: Office of Commercial Space Transportation, Department of Transportation,
Washington, D.C.

ht the Cmnmercial S[utce Launch Act of 19,_4, Con t,',v.v_di)vcted the mvv Qffice _!/ Commen+ial .Space

7}vur_portation o� the l)epartment t_/ Tran_pmttttio_t Io prepart, tz report that identified g,over_me_l

impediment._ to the emergence q/a U.S. commercial *pace tran._portation induqry. Thi_ report wa, the
re._ponse; onl.y the introduction appedr_ hen,.

Federal Impediments to Development of a

Private Commercial Launch Industry

Sul)mitted in compliance with Section 22(t)) el the

(:ommercial Space l+at,nchAct of 1984

Ill

.July 1985

I. Imroduction

The (:ommercial Space l+atm¢+h Act of + 1{)84 (Public l+aw {)8-575) calls for the
Secretary of Translmrtation to:

"Submit to the Committee on Space and TechnolohD. ot the House of

Representatives and the (]ommillee on Commerce, Science, and Transportation

of the Senate a report which idenlifies Federal statutes, lrealies, regulalions, and
policies which may have atn adverse ettect on commercial launches and include

re('OtllllteltdaliOllS Oil appropriate (]lallges thereto."

This rep<)rt is submitted in response to that requirement. It represents a sunmtat_, of views

the l)epartment of Transportation (DOT) has termed to date as a result of its experience

with the private commercial launch industry. It also reflects views on the issues specitied

in tile above directive of private lattnch tirms and o( (_;overnntent agencies ',vilh major reg-
ulatory or policy development roles att¢'cting the industry.
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Ill evaluating tile ettec! ()f existing rcqttirements and policies, it is important m bear
ill mind that the basic approach Congress took ill developing a framework tor commer-

cial launch regulation was m retain all existing requirements of Federal law applicable m

humches or launch site operations, as requiremenls for any license the Secreta D' ot

Transportation issues under the Act. In the eight months that have elapsed since enact-
ment of flw Act, and given the considerable lead time required tot development of com-

plex conmlercial launch marketing strategies as well as tile uncertainty of the nature and

scope of this developing industry, it is difficuh to identil} with cerlaimy all of tile require-
ments and policies that may present l_roblems ill the timlre. This report, then, should he
viewed more as an initial eilbrt to highlight existing or potential problenls rather than a

comprehensive inventory of them.
I2] The Administralion has initiated review o[ several of the issues identified in tilt'

report, and is ill the process of developing actions and recommendations lo ameliorate
them. Further, the Department is ill tile process of developing and promulgating regula-

lions governing comnu'rcial space launch activities, and ill certain cases these will provide

tile medimn tot dealing wilh ("()1]{:{_]1[] s idemitied herc. Tile l)r()visiolls of the Act autho-

rizing the Secretary to render unnecessary Federal requirements inapplicable to launch
licensing--or to waive the applicabilit 3 i)l certain requirements ill individual cases--altbrd

additional means fin" redressing problems as Ihey are encountered.

Congress was faesighted ill enacting legislation ill support of the commercial space
launch industlw. (kmmle,cial expendable launch vehicles (EI.Vs) have an important con-

lribulion to m_tke ill maintaining and furthering the nation's leadership in space. They

serve as a mllural complement to lhe Shuttle. If [lllllre Shuttle a_ailability tot commercial

and foreign payloads were reduced due to increased needs on the pan {}f Ihe U.S. gov-
erlunent or I)v NASA's inability to _.lchieve pr(!jecled flight rates, there inav he need f_)l

additional latmch capacity. A viable U.S. commercial ELV industry provides tile capability

to bxoaden and deepen o{n domestic space transportation options, at no direct cost to the

taxpayer. Private U.S. launch firms will m,t only be marketing technology' similar to lhal

of their toreign c-ompetitors, but call alst) take _ldwmtage of the flexibilily uniquely avail-

able in the private sector m be fully adaptive to special customer reqtliremcnts.
The tollowing sections discuss statutes, trealies, regulations, and policies which may

have adverse effects on lilt" commercial launch industry. The principal topical areas

include lrealies, pricing policy, lax and tariff, and the licensing of expofls and radio he-

( ] [ [ t ' [ l ( " i { " S i F ¢ ) 11 ¢ " ; t ( " I 1 < )[" Ihcse subjects, t_ackground, ctlrlt'll[ activity, alld rccollllllcndaliolls

follow ....

Document 111-14

Document tide: President Ronald Reagan, Memorandum for the United States Trade

Representative, "Determination Under Section 301 of the Trade Act of 1974," July 17,
1985.

Source: Ronald Reagan Presidential Library, Simi Valley, California.

In .]u& 1984, the company [ormed to mrlrkel the l)elta launH_ vehirh" in the commenial market,

I}.an._imce Carriers, Inc., filed a complaint r_l un/hir trade practices by European gm_ernme*_ts,

through the European Space Agemy, with _e_per't to its support of Arianespace, the European marketer

q/the Afiane launcher Although not direct& addressed in the complaint, the implication was that the

l ,'.S. gove_ment, hy _etting a S[mce Shuttle pFi¢l# lolo (_?l¢*tlg/I tO compete with AT{anespace, wa._ also

Ill{/)lir(y ¢'Ollstvrlitgillg r Dlrld#. A/_tqa 3"eaF_ inve._figation, this determination tO' lhe._ident Igeayrm dis-

missed the complaint.
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[ 1] THE WHITE HOUSE
"_%SH1 N ( ;'I'( )N

.July 17, 1985

MEMORANI)UM FOR THE

UNITEI) S'I'XFES I'IL,\I)E REPRESENTATIVlq

SUBJECT: Dewrmination Under Section 301 of IJl(' Trade Act ()[ 1974

Pursuant to Section 301 (at of the Trade Act of 1974, as amended (19 U.S.C. 241 l(a)),

I have delermined thai the practitcs of the Menlber Slales ()] Ihc European Space Agellcy

(ESA) and their instruinentalilies wilh Iespecl It:, the colnlllerciaI satellite launching ser-
vices ofArianespace, S.A. are not tmreasonabh" and a burdetl or restriction on U.S. com-

merce. Whih" Arianespace does not operate trader pttrely commercial conditions, this is

in large measure a result of the tlismry of the launch services iutlttslry, which is marked by
almost exclusive govermnent involvement. I have determined that these conditions (to not

require atfirmative U.S. action at this lime. Bul because of my decision to commercialize

ext)elldat)le launch services in dw United States, and our policies with respect to manned

launch services such :is the Shuttle (STS), it may t)e(ome al)propriale for the United

States It;, approach ()lher inlcrestcd tlalit>llS Io reach an international tmderstandin_ on

guidelines fi)r commercial satellite launch services at sonlt" point irl the future.

Reasons [br l)elermination

Based on a pefilion tiled by Transpace Carriers, Inc. (T(;I), the United Stales Trade

Representative (US]R) iniliawd an investigation on July 9, 1!)84, of the Emopean Space

Agency's policies wid/ respecl to Arianespace S.A. Arianespace is a privately owned com-

pany, incorpt)ra/ed under the laws of France ti)r the lmrpose of launching satellites.

Arianespace's shareholders include the French nail(real space agency, and aerospace com-
panies and banks incorporated in the ESA Member .%t,-tles.

[2] The Petitioner alleged lhat 1) Arianespace uses a two tier pricing policy wherel)y

Arianespace charges a higher price to ESA Member Slates lhan to toreign customers;

2) the French national space agency ((;NESt subsidizes launch and range facililies, and

services and persomwl provided lo Arianespace; 3) the French national space agency sub-

sidizes the administralive and technical personnel it provides to Arianespaee; and

4) Ariancspace's mission insurance rates are subsidized. In addition m these allegations,

the U.S. also investigaled tlnt_,e other areas: government inducements to purchasers of

Arianespace's selMces; direct and indirect government assistance to Arianespace; and
Arianespace's cosls and pricing policies.

Our findings with respecl to lhese allegations are set forth below. Many of the tacmal

allegations were not supported by evidence on the record. While other allegations were

sul)stamiated, the praclices were no1 sufficiently ditle'renI fiom U.S. practice in this field
Io be considered mm'asonable under Section 301.

( _-oveI'IIIIIC'III IlldtlcelIlelltS:

The investigation uncovered no evidence of offsels or insurance being provided by

ESA or its Member States. Melnber States of ESA (1o provide export financing t_r

Arianespace's customers. However, the terms of the financing are consistent with interna-

tional agrccmems to which the United States is a party.
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Direct (,overnnmnt Assistance:

Administrative Personnel: Arianespace and (',NES entered into a Ih, ad ()tlice Services

Agteenlent pursnant to which CNES personnel perform certain administrative functi()ns

for Arianespace. CNES charges Arianespace a flat percentage of annual tin'hover liar its
services. While the fi,e is arhitrary, we have no reason to question CNES's assertion that

the [i,'e, ill tktct, covers aCtllal wage o,)sts phts tiinge henefits. The atllOUllts paid to date

seeiIl reasollah]e+

Range Services: The range facilities at Kotlrou are operated by (:NES. Arianespace

pays CNES a fee tot the use ot the range facilities including personnel services. The fee is
arhitrarv and it does not cover the full range costs incurred hy Arianespace. ESA claims

that when the ti_,e is raised Arianespace will pay the full cost of range services attributabh'

to Arianespace's activities. (]urrent U.S. policy ottkws use of the national ranges and launch

s01)port services to conlmercial EI+V's on a direct cost, rather than full cost, reimhurse-
nlent basis.

[3] Loans and Capital Grants: There is no evidence of direct capital grants or soft loans

heing given to Arianespace by ESA or the Member States other than CNES, which as a

stockholder put up equity capital in Arianespace. Of course, Arianespacc stockholders,

some of whom, e.g. Aerospatiale, are government-owned, have contributed equity capital
I¢) the firm. However; we have no evidence to Sllggesl Ihat such transactions are inconsis-

tent with normal commercial practice.

ttardware: ESA provided a certain amount o[ hardware to Arianespace at less than its

cost of acquisition. ESA claims that the cost was reduced because some of tilt" hardware
had heen used. ESA estimated the value of this hardware to he $50,00(L NASA's agreemem

with TCI for the transfer of tile Della l)rogr;un also provided ior transfi:r of cer,ain tlighl

hardware at less than the government's cost of acquisition.
Protected Home Market: ESA and its Member States have agreed to give Arianespace

a preference over other launch service providers with respect to payloads owned and oper-

ated by ,hese government entities. Because of this preference and because ahnost all

European communication satellites arc operated by governments, rather than private
firms, U.S. EIN's and the Shuttle (STS) have limited Oplmrtunities to penetrate the

European market. In contr;-tsl, much of the U.S. market, which is the major market in the
world, is open because conununication satellites are owned and operated by private sec-
tor firms, ttowever, U.S.G. [U.S. (;overnmentl payloads also are carried ahnost exclusiw-

Iv by U.S. launch service providers. Thus, there is little difference in the rcspective

treatment by ESA and the United States of govermnent payloads. The ma:ior difti:rence is

ill the structure of the market with European comnnmication satellites being operated

primarily by government entities.
Indirect Government Assistance: Because Arianespace's major suppliers are also major

stockholders and because some of these suppliers are, in turn, owned ill whole or part bv

Member State governments of ESA there is concern that thc governments, through their

ownership of these supplier companies, can artificially reduce Arianespace's operating

costs, l lowever, the investigation uncovered no evidence 1o suggest lhat Arianespacc is

obtain|rig significant assistance by reason of low-cost inputs from its suppliers.
Costs and Pricing: Under cut-,ent pricing policies, Arianesl)ace is not recovering its

full costs, nor is it likely to do so in the near fimne. ESA has agreed to long-term, tixed-

price contracts for lannch services with Arianespace. On the other hand, Arianespace has

been quite tlexible ill its [41 price bids to non-ESA custonmrs, and consistently charges

less than tile price charged to ESA. But it is not uncommon ti)r tirms to discount heavily

in order to establish themselves in tile market, especially when demand is low. Theretore,

it appears that market ti)rces, especially the current excess supply of launch capacity, are

primarily responsible for current low launch prices.
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Sincetherearenointernationalstandardsofreasonahlenessforlaunchservices,we
havecomparedESApracticesto UnitedSlatespractice,andto reasonable commercial

practices. The ESA practices are not sutticiently difli, rent fiom those of the U.S. to be

actionable under Section 3[)1. This determination is nol an endorsement of ESA practices.

()ur policies in this area are now undergoing revision, and in the flmne we may wish to
reexanfine ESA's practices and their elli'c! on U.S.(;. launch selxices. At tim! time it may

be in our mutual interest to engage in inlernational discussions aimed at establishing

appropriate guidelines for ttlc commercial launch industz):

This determination shall be published in the Federal Register.

[signed "Rc, nald Reagan"]

Document 111-15

Document title: Alfred H. Kingon, Assistant to the President, Cabinet Secretary, to James
C. Fletcher, Administrator, NASA, Memorandum, "Space Commercialization," September
25, 1986.

Source: Ronald Reagan Presidential Library, Simi Valley, California.

President RonaM Reag_an am_oum'ed on AuKust 15, 1986, that the Space Shuttle wouM no lon t{er

he in the businr<_s of launchinA_ commercial and Jbreigm mtellite_ except under wq_eral _._trictive eml-

ditions. ,4t the time o/ thi_ announcement, NASA had contraet._ to laum'h,/m'(y-/?mr such satdlites.
NASA mLrued that, while it would not enter into new launch eoT_tracts, it shmdd he alhm,ed to launch

a.s ma, U a.s possible o/ those .satellites already under contract. The advocate_ 0] total& *vmoving the

Shuttle tram the comm_vcial launch market, to crpen the way ./i*r market ent U t_y U.S_ l"dJ'i_, ar_,med

that even Ihe_e payload._ shoaM not be laum'hed on the Shuttle unless there were compelli,tA_ rea.wm._

to the control)'. TkHr pogition pn_ailed, and the Cabinet-l_,el l¢conomic Poli(3' Coumil, lhe fiame-

work within which debate had been conducted, recommended to 15_,._ide_tl ICeaga_ that he r'om'u_: 7'he

15_'side*_t a,tr_ved, anti this memoraIMum /mm _.7_ite House ._tr{ff a_._i.stant AI/}¢,¢t Ki_grm communi-
cated his deci.siml to NA,";A Admini.$trator./ame._ I:letcke_:

THE WItITE [lOUSE

_AS\SHIN(71"()N

September 25, 1986

MEMOIL_.N1)UM FOR JAMES C. F1,ET(:tIER
AI)MIN1STIL_.TO R

NATI()NeM_ AER()NAUTICS,AND SPA(;E AI)M1NISTI,b\TION

FR()M: AI,FREI) tl. KIN(;ON

ASSIKD\NT TO TIlE PRESIDENT

CABINET SECRETARY

SUBJECT: Space (k)mmercialization

Pursuant to the Economic Policy council memorandum of September I1, the
President has approved Option 1:

NASA shall no longer provide launch services for commercial and fl)reign pay-

loads subject to exceptions for payloads that: ( 1) are Shuttle-unique; or (2) have
national security and foreign policy implications.
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As was discussed at the meeting with the President, NASA will revise its manit_st to

inclnde only those payloads that are either Shuttle-unique or have national security and

foreign policy implications. The manifest then will he made public, with the expectation
that current customers who are not included on the manifes! will vohmtarily seek launch

opportunities elsewhere.

Document 111-16

Document title: Commercial Space Launch Act Amendments of 1988, Public Law

100-657, H.R. 4399, November 15, 1988.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.

An ad hoc coalition q/companie,_ with an interest in the success of the U.S. commercial space trans-

portation industry wa,_ quite effi,ctive in convincing Co_lgres._ a_M the Department _?/ 7'ran._portatio_
that ,hanlZ_<_ m flu' C,,mmenial ,Space Laumh Act _4'19,S'4 we_" _'qui_'d /hr _uch _urce_._. Therfp:re,

new let,,Mation wa._ pa._ed in the/otto _!/the_e ametMmet_t_ to the earlier law.

{no page numbex; but wouht be "tt.R. 4399-1"l

H.R. 4399 PUBLIC LAW 100-657

One Hundredth Congress of the United States of America

2krl" THE SEC()NI) SESSION

Begun and hel(I at the (;it}' of Washington on M(mday, the twenty-lilih day of.January,
one thousand nine htmdre(t an(l eightDeight

An Act

To tacililale commercial access to space, and for olher pttrl)oSCS.

Be it enacted I{_'the ,Senate a,ut House _l t¢,'pr,,setaative_ ,?1tit; t :_zited ,S'ta#_ ,,/ A merica i_

( ;on_resg a.g.gemhh'd.

SE(;TI()N 1. SttORT TITI,E.

This Act may he cited as the "Cummercial Space Launch Acl Amendments _)t 1988."

SE(:. 2. FINDINGS.

The Congress tinds that--
(1) a United Slates commercial space launch industry is an essential component of

national efforts to assure access to space for Government and commercial users;

(2) the Federal (;overmnent should encourage, facilitate, and pl'olllote the use of the

United States COlllnlel-tia] sl)a(e launch indust| T in Oldel to continue United Slat¢:s atero-

space preeminence;
(3) lhe [hilled States commercial space launch industry must t)e competitive in the

international marketplace;
(4) Federal (;overnment policies should recognize the responsibility of ttle United

Slltles under inter,rational treaty tot activities conducted by United Slates citizens in

space; and
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(5) the United States must maintain a ('ompetitivc edge in international commercial

space tlansportalion by ensuring continued reseal+ch ill launch vehicle conlponenI tech-

Holo_ry and dev<'ioplllClll.

SEC. 3. DEFINITI()NS.

Section 4 of the (;ommcrcial Space l_aunch Act (49 U.S.(L App. 2603) is amended--

(1) in paragraph (1<)) by striking "and" at the end;

(2) by redesignating paragraph (ll) as paragraph (12); and

(3) by inserting immediately after paragraph (10) the fl>llowing new paragraph:

"( 1 l) 'tllird party' means any person or enfily otlmr than--

"(A) the United States, its agencies, or its ('ontl-actols or subcontractors im'olved

in launch services;

'+(B) Ihe licm_see or transti:rec;

"((]) the licensee's or [l'_lllS[l?l-('("s Col/ll'it{'tOl'S, SII])C<)IIII'aCIOI'S, O1" CIIS|OIII('I'S

involved in launch services; or

"(D) any Stlch CllSlO|n(q-'s (Oll[lit('tOlS of stlb(+otlllaCt<ws illVO]v¢!d ill ]atlnch sct-

vices; and."

SEC. 4. PRIVATE A(;QUISITI()N ()F (;()VERNMENI" I'R()I'ERTY ANI) SERVI(;ES.

(a) Section 15(a) of the (;ommercial Space l,aunch Act (49 U.S.C. App. 2614(a)) is

amended by adding at the end the following: "In taking such actions, the Secretary shall

consider the commercial [H.R. 4399-2] availability, on rcas<mablc terms and conditi<ms.

of substantially equivah'nt launch property or launch services from a domestic SOtll'C('."

(b) Scclion 15(I))(1) of the Commercial Spa{x? l+aunch Acl (49 U.S.(L App.

2614(b) (1) is mnendcd by adding at the t+nd tile tollowing: "For purposes of this para-

graph, the tcrln 'direct costs' means the a(+ttlal costs Ihal Call be tmambiguously associal-

ed with a <ommer<:ial lauuch cttort, and would not t)t, borne by Ihc [Tnited Stair's
(;<)VCt+lllllt'llt ill the absenc(+ of a COlnmcrcial launch cl]orl."

(c) Section 15 of the Commercial Space l+attnch Act (49 U.S.C. App. 2614) is amcnd-

ed by adding at the end Ihc |ollowing new sut)scction:

"(d) The head of any Federal agency or deplutmcnt may collect payment for a('tivilics

involved in the production of a launch vehicle or its payload for latmch if such activilit's

weft +agtecd to by the owners or niantll,lcttncrs ol +such launch vehicle or payload."

SEC 5. INSURAN(:E REQUIRI'_MENTS ()F IACENSEE.

(a) Section 16 of the (:ommer(ial Space Launch Act (49 U.S.(]. App. 2615) is amt'tM-
ed to read its tilllows:

"LIABIITIY INSURANCE

"NE(L 16. (a)(I)(A) Each license issued <w transl_'rrcd under this Act shall require the
licensee 01" II'_IIIS,[}Y'I't!C'--

"(i) to obtain liability insurance: or

"(ii) to dcnlonstralc t]nancial responsibility,

in im amoulH suf]icit, nl to cotnl)t't]saic the tnaximum probable loss (its deter-

mined by the Sc('l+(Hal'y, aflel" cotlstlllation with the Administrator of lhc Nalional

Aelonaulics ;tild Spa<'(' Adinhlistration, tile Secrelarv +if the Air Force, and the heads

otolhcl ilppropriall' agencies) ft-oin clainls It)x, a thiM |)arty t_)t +death, bodily initn T, <li-

loss of Ol dalliage Io properly resuhing t]oni aciivilies Carlii>d oiil lllid('i i|it' license

in (OilllEClioil with ally paiti/'tllai ]atillCii, In no (",,eli{ shall a licensee lit lranstT_ree hi"

icqtihx'd to obiaill iilSillallCe o1 d{'lllonSllale []llaiicial rt'st)onsibiliiy lindel Ibis slll)-

l)aragraptl, wiih respect to lhe a<_it'_ale of Silch claims arising Otll of ally paliiculai+
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launch, in an anlount which exceeds (1) $500,000,000 or (Ill the nlaximnnl liability
insurance available on tile world market at a reasonable cost, if such insurance is less

than the amount ill subclause (1).

"(B) Each license issued or transl_'rred un(ler this Acl shall require tilt" licensee
or [ I'all sl("lee--

"(i) to obtain liability insurance; or

"(ii) to demonstrate financial responsibility,

ill all amonnt su|ficient to COlnpensate tile maximum probable loss (as determined tly

the Secretary, after consultation with the Administrator of the National Aeronautics

and Space Administration, the Secretary of tile Air Force, and tile heads of olher

appropriate agencies) fronl claims against any person by the United States for loss of

or damage It) property of tile United Slates resuhing f'rom activities carried Otll under

Ihe license ill connection with any particular launch. Ill no e.vent shall a licensee or

transferee be required to obtain insurance or demonstrate financial responsibility

nnder this subparagraph, with respect to tile aggregate of such claims arising ()tll o[

any particular lannch, in all amount which exceeds (I) $100,000,000 or (1I) the max-

imurn liability [H.R. 4399-'>_] insnrance awlilable on the world market at a reasonable
cost, if snch insurance is less th;nl the anlount ill subclause (I).

"(C) Each license issued or transt>rred under this Act shall require tile licensee

or transferee to enter into reciprocal waivers of claims with |Is contractors, snbcon-
tractors and cnslolners, and tile contractors and subcolltractors of sn(h customers,

involved ill launch services, under which each party to each snch waiver agrees Io be

responsible lot any proper_' (tamage or loss it snstains or tor ally I)ersonal il!jury to,

death of, or property damage or loss sustained bv its own enq)h)yees resuhing fi-onl
activities carried oul under tile license.

"(1)) "File Secrelar), on behalf of the Uniled States, |Is agencies involved iu hmnch
services, all(l con/ractols and snllCOlllractors involved in ]atlnch services, shall ell|er

into reciprocal waivers of claims with tile licensee or Iranst},qee, |Is contractors, snl)-
contractors, and CllSto|ners, and the COlltl-actors an([ snl)contraclors o[ st|(]l cns-

tomers, involved ill launch services, under which each party to each such waiver

agrees Io be responsible ti)r any property damage or loss it suslains or for all p('rson-

al in.jtu T to, death of, or properly damage or loss sustained by its own employees

resuhing froln activities carried ()tit un(ler tile license. All?,, snch waiver shall apply only
Io I]le ex|ent |hal clainls cxce('d Ihc alnoHnl o[ insllrance or delllOnslra|ion ot+ tillall-

cial responsit)ility required under subparagraph (B). After consnltation _¥ith lilt'
A(hninistralor of the National Aeronantics and Space A<tminislration and Ihe

Sccretilrv o[ lilt' ,kit Force, Ihe Secretary nlay also waive, on t)ehalf of flw t 71lit(,(I Stales

and any Fede,-al agency, the right 1o recover any damages tier loss of or damage Io

t)rop('rty of the United Slates to the exlent illslnance is iio[ available 1)y reason of pol-

icy exclusions which are determined by the Secretary 1o be usual for the typ¢" of insur-
ance involved.

"(_) :\nv illsltrance policy ol)tained, or delnonslratioll of financial responsihility

lna{le, pnlStl;.Inl to a reqnirelnelll described ill paragraph (1) shall protect |he l.Tnited

States, its agencies, ])ersonllel, contractors, and sttbcontra(tors, alld all COlllra(|_.)rs, Slll)--

c<)nll+aclors, lind cnstolners of the licensee or lrallst+.+ree, ;.llld all contractors and sub( on-

tractors of snch cnstolnels, involved ill providing the [atlnch services, to ill(" exlent of their

potential liabilities, at uo (()st to the tin|ted Stat(,s.
"(3) The Secretary shall delernline tilt" maximuln prot)ahle loss under paragral)h

(1) (A) and (B) associated with activities under a licetlse, within 90 days after a licensee ,_r

transti_'ree has rcqui,ed such a determination and has submitted all intornla|ion tht'

Secretary requires 1o make such a determination. The Secretary shall amend such deter-
ruination as warranted fly new inli)rlnation. Vfithin 12 months aRer the (late of ella(llllelll



t_]XI'I,( )RIN( ; II ll-: [ JNKN( )WN 4(_ l

of the (:onlnlert:ial Space I.aunch Act Anlendnlenls of 1988, and within each 12-nlonth

period thereafter, the Secretary shall sul)lnit to tilt: (]omlnitlee on (:onlmerce, Science,

and Ttansportation of tile Senate and tile (]omnlittee on Science, Space, and Technolog, T

of tile tit)use of Representatives a report on the curlelll deterndnatitms with respect to all

issued licenses and tile reasons for those th'ternfinations.

"(4) Within 6 nionths after tile (late of ellil(llllell| 0[" tile ('amlnlercial Space l_atlllch

Act Anlendnlents of 1981"t, and witllin eacll 12-nlonlil l/eriod Itlereafler, tile Secretary' shall

review Ille alllOtlnts specified ill paragraph ( l ) (A) (i) and (B) (I), all<l stlall silblllil a leporl

to tile Congress which, if appropriate, conlains :t proposed adiusiment to sucll ;.llllOtllllS

to confornl wiitl ahered liability extlectaiions [ H.R. 4399-41 and availability of insurance

on tile world lnarkel. Sut:ll tll_lposed H(lillSllllell t shall take efti'ct 30 days'after tile sub-

mission of suet/reporl.

"(b)(l) To tile extent pi'ovided ill a(lvall(+e in al)pl+Ol)l-iati_)ns Acts el + to tile exlellt

lhere is enacted additional legislatiw., authority to pv<rdde toy the l)avnlent of clainls as

subnlitted in tile conlpensation plan outlined in paragl+al)h (4), II)e Secletarv shall lifO-

vide t0i + Ihe paynienl t)y lilt + Uniled Slates <)f successtul clainls (inclutihlg 'reasonal)h.

exl)enses t)f iiligation or settielllCill) ()[;,l third i)al-ly against the li(:ellSee o1 llallsi(.,l+ee, el-

its (Ollll;l(lors, SllbCOlltlaClOlS, oi CIISl.Oillel'S, (ll" the ('Ollliat'lOl'S oi" Stlbt'Olll3"aClOl'S ()f SllCtl

CllSlOillels, resuhing ['l'Om aciivilies cairied Otlt t)iil-Slialil loa licensc issued llr llalis|elTed

Illlfh!l tills Act it)l death, bodily ii!iui-y , ov loss o[ ov d_tlll;l<_e Ill ])ropei-lV leStlitillg 1]oi11

activities carried oul under lilt" license, but onlv to ltie extent tllat tile a_glegale of sucli

Stlccesslul (]aiins arising oiil of any i)alliclliar laUlltll--

"(A) is ill excess of'tile alllOlllll t)f'illSlll'illl(e ()1" delllOllSllalioll Of []l)allcial lespt)ll-

sit)(lilies Iequirett tllldei Sllbset:lion (a) (i) (A); itlld

"(B) is llOl ill excess of tile level thai is ,$1,51)l),000,000 (plus lilly additional SIIIIIS

liecess_.il'y 1o reflect in|'lathm oc(:tllTill<_ atil.'l ]allllaiv I, 1{t89) above such aillOtllli.

'Flit, Se(l-t, lala, , stlail not provide tbr l)a}ll)elll _l[: ally parl of sucii ctahn for wlliCil

lhe dealli, bodily 'ii!juiT, or loss of or daliia_e I(t properly has resuhed [re(It wiilful iliis-

colldil(l t)y lhe ]i(ellsee or Iransferee. To ltie exlenl il{suralite rcqilired purstlanl It)

sut)set:tion (a)(1)(A) is llOl availallie to (o'vt'r itllV SllC]l Sll(tesst],ll itlird i)arty lial)ilitv

claim t)$' rt'asou of insurance policy exchlsiOllS dt't'iq-nlinetl t)_, the NeclelalV 1o be IlSu:/l

t0r lilt, type of illSllrallee involvedl Ihe SetTet:ila/ May provi(l_! 10i + tilt" paylllellt <)1 such

exchitled (lainls wittlout Ie<ff, al(I 1o lilt" liniitaiitm expressed ill Sill)pal-a_t-at) h (a).

"(2) The paynlenl of claims under paragraph (1) shall be subject to--

"(k) notit:e it) tile United Stales of alp, clahn, or suil associated with such ciain),

agaiilSl a party described iii paragraph ( l)'toi dealt(, bodily injury, ()1 loss of or dan(-

age to ])i-opeily;

"(B) pariitipalion or assisiant'e in the defei)se I)y (lie [Tniled Slates, at its eleclion,
of It(at ciaiin o1 suil; and

"(C) approval tiv tile Se(:relai-v of thai ])orlion o[ ally selllellielll whicti is Io 1)e

paid <)tit of approt)riaied ftlnds ()f ihc Unilcd Slates.

"(3) The Secrelarv iliay whhhold l)ayllieiil tindel parag-r;il)]l ( I ) ifthe Secletarv el'i-(i-

ties lhal [iie atilt)(lilt is net just and reasonal)ie, except Ilia( lhe ;.-iliiOlllll ofailv claire'deter-

mined l'J)' tile t]llal.jtldglliellt of a (otlrt ill t'Oillpelelit juris(littiou st/all i)e dC_ellled I)v tile

_e(Te[HI+V t() t)e,iust itlld reasonab]t:. " '

"(4)(A) If as a restih ot activities carried ()ill under a license issued or llalis[_._iTed

Iliidel this Acl the aggregate of lhe (]ailllS arising o111 ()1 71 p;uti(ular [;.tllllCh ale like-

ly Io exceed ltle ainounl of insuran('e or denlonsiralion of |hiancial responsil)ililv

reqtlii-e(I uil(ler the license, lhe _t'(lt,laiv shall (i) illake a SillX, ev o[ lhe Cailses alld

exieiil of ([ainage aild (ii) expediliously stil)niit io lhe (]olt_rt,ss a'ref)oi-i sellillg t_)rl]i
tile I'CStl]tS ()[" Stl(']l sllrvey.
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"(B) Not later than 90 clays after any determination by a court indicating thai tile

liability tor the aggregate of clailns arising out of a particular launch under such a

license may exceed the amount of insurance or demonstration of financial responsi-

bility required [H.R. 4399-5] under the license, the President, on the recommenda-

tion' of the Secretly', shall submit to the Congress a compensation plan or plans that

(i) outlines the aggregate dollar value of snch claims; (it) recommends sources of

funding to pay for these claims; and (iii) includes any legislative language required to

implement the compensation plan or plans if additional legislative authori_' is

required. No compensation plan for a single event or incident may exceed the aggre-

gate of $1,500,000,000.
"(C) Anv COlnpensalion plan mmsmiued to the Congress pursuant to subpara-

graph (B) s]lall hear an idenlification nulnher and shall be transmitted 1o both
Houses of Congress on the same day and to each House while it is in session.

"(D) (i) The provisions of this stibparagraph shall apply with respect to consider-
ation in the Senate of any such compensation plan and to Senate aclion on such com-

l)ensation plan.
"(ii) Any such compensation plan that requires additional appropriations or addi-

tional legisllitive authoriv¢ must he considered by the Senate pursttan! to this sub-

paragraph wilhin 60 calendar days of continuous session of Congress after the date on

which such plan is transmitted to dw (]ongless.
"(iii) For the purposes of this subparagral)h, the terln 'resolution' means only a

joint resolution of Congress the inatter after the resolving clause of which is as follows:
'Thai die [blank space] approves lhe compensation plan numhered [blank space]

suhniitted to the (;ongress on [blank space], 19 [hlank space].', lhe first hlank space

therein being filled wilh the name of tile resolving House and the other hlank spaces

being appropriately filled; but does not include a resolution which inchides more

than one conipensalion plan.

"(ix') A resohllion once introdiiced wilh respecl to a colnpensalion plan shall

inunedialelv lit" rel{'rred tt_ a colnniittee (and till resolutions with respect to the sanle

coinpensali'on plan shall he tetra-red to tilt, sanie conunillee) by the I_residcnt of the
Senate.

"(v) (I) if the connnillee of lhe Senale to which a resolution with rcspeel to a coln-
pensation plan has been referred has not reported it at the end of 20 calendar days
after its referral, it shall be in order to lnOW" either to discharge the committee froln

fluther consideration of such resolution or to discharge the committee from further

consideration with respect lo such compensation plan which has been reli_'rred to the

conuniuee.
"(ll)A Inolion to discharge lnav be niade only by an individual t{ivoling tilt" res-

olulion, shall be highly privileged (t,xcepi thai it Ilia} I nol tic nlade after the conunit-

lee has reporled a resolution with respecl Io the sanic colnpensation plan), and

dehate thereon shall be limited 1o not lnore Ihan one hoiir, to he' divided equally
beiweell those tavoring and those opposing the resohltion. An anlendlnent to the

motion shall not be in ordel, and it shall licit lie in order to inove to reconsider the

vote h7 which the niolion was agreed to or disagreed to.
"(i!I) If lhe inolion Io discharge is agreed to or disagreed to, lhe niotion lnay not

he renewed, nor lnav another nioiion io discharge the conunitlee he niade with

respect to till)' oilier r'esolnlion with resl)eci in tilt" sanle conll)ensation plan.
"(vi} (l) _(llell ihe colnlniltet" has reported, or has heen discharged [7oin ttu-ther

consideration ot. ii resohilion, it shall he al any linle lhereat]er ill order (even lhoilgh

a previous nlolion tO the sanle ettect has been disagreed to) to nlove I0 proceed lo
the' consideraliou of the resohltion. The lnotion shall be highly privileged and shall

liOt l il.l. 4399-6] be delialahle. An anietidnien[ Io the niolion shall iiol tit' in order
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and il shall nol be in order to move Io reconsider lhe vote by which the molion was
agreed to or disagreed to.

"(II) Debate on the resolution feferrcd to in sul)clause (I) of this clause shall be

limited to not more than 10 hours, which shall be divided equally between those favo,=
ing and those opposing such resolution. A motion further 1o limit debate shall nol be

debatable. An amendment to, or motion to recommit, file resolution shall not be in

order, and it shall not tie in order I() move to reco,lsider Ill(' vole [)y which such reso-
lution was agreed to or disagreed 1o.

"(vii) (I) Motions to postpone, made with respect to the discharge flom colnlnit-

tee, or the consideration of a res()luti(m or rot)It(ms to [)rocee(l tit the consideration
of other business, shall be decide(| with(nil debate.

"(lit Appeals flom lhe decision of the (_hai, relating t(i the application of the rules
of the Senate to the pr(icedures relating Io res{_h,don shall be (lecided without debate.

"(5) The provisions of paragraphs (I) ihrough (4) shall apply only to each license

issued or Iransfi._rred under lhis Act for which a (omplele and valid appiicalion has been

received by the Secrefary prior to lhe dale that is 5 years [ollowing the dale of enactment
of the (kimmercial Space Launch Act Amendmenls of 1988,.

"(c) The head of any Federal agency or deparlinen[ shall collect insurance proceeds

or all), olher paymenI owed tor the loss of or damage Io (;overnment property under its
.jurisdiction or conlrol resuhing tiom activities carried ()lilt under a license issuc_d or trans-

tcr,-ed under this Aclt. Such proceeds or olther [)_tXr_C_I shall be crediied to the current

applicable appropriations, funds, or _l.C('Ol,llltS (}[" till:l| agellC V or del)armmnt."

(b) Section 15(c) of the Commercial Space l,aunch A¢"lt (49 U.S.(;. App. 2614(c)) is
amended |to read as tkllh)ws:

"(c) (]onsistent with the requirements of tiffs Acl, the Secreltarv shall eslablish require-
ments |'or proof of tinancial responsibilily and such other assurances as may be necessary

to protect the United St|ales and its agencies and persol,nel fr<)m liabilitv,+death, bodilY,'

in.jury, or hiss of (ir damage to ]),{}pert) as a restth of a lautR]l (>r operation of a launch

silt(" involving (;overnment facilities or personnel. The Secretal T may not under Ibis sub-

section relieve the United States of liabili W tor death, bodily injury, or h)ss of or damage

t(i 1)roper_ _ resulting fronl |the willful lnisco,tdtRlt (}f Ill(' Untied Slates or its agents."

SEC. 6. UNITED STATES lAUNCH INCENTIVES FOR CER_IAIN SATELLITES.

(at The requirenmnts ()f subsecti(m (a)(I)(B) ,£ s('(li()tl l(i ()t tim Commercial Space

launch Aclt (19 I. !.S.(;. App. 9615), as amended by tiffs A(k shall not apply to eligible saltellites.

(b) To the exltenI approved ill appr(ipriali()ns Acts, till(" trniu,d Slates shall not require
paynmnt for the provision of launch ser_i(es in connecli(in wilh lhe commercial la.unch
of an eligible satellite.

(c) For purposes of this section, the term "eligible saltellhe" means a satellite that-

( l ) was under construction on August 15, 1¢.)8(:_;

(2) was the sul_ject of a launch services agreemem or COli/rac| with the National

Aeronautics and Space Adminismuicm, which as of August 15, 1986, was in efl_'ct and
Holt Vel carried oul; a,id

[tt.R. -1399-7] (3) is licensed tor launch uuder |the (;ommercial Space l,aunch Act.

SEt:. 7. PREEMPTION ()F SCHEDUI_ED L_X[!N(:IIES.

Sect!tin 15(b) of the Commercial Space I,aunch Acl (,i9 U.S.C. App. 2614(b)) is
amended hy adding al the end the ti)llowing new paragral)h:

"(4)(A) The Secretary, whh !the cooperati(m of the Secretary of I)eli'nse and the

A(hninislrator of the National Aeronautics and Space A(hninisltlali()n, shall !take steps

|to enstire |halt file huliiches (}t payl(lads wiih resin,el io which a launch dalte cominii-
inelilt D-oiii |the [!nhed ,qlates has be('il _)bhliiied |()r a lauil(h licensed lilider this Aclt
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are not preempted from access t{} United States launch sites {ir launch pr{}perty,

ex{'el_}I in cages I}f imperative national twe{I. Any determinati{}n {}t imperative nation-
al need shall be made hy the Secretary of l}efcnse {}r the Adnlinistrator of the

National Aeronautics and Space A{hninistrafi{}n, in consuhation with the Setfetal%

and shall not he delegated. A li{etlsee {}r transferee preempted from access t{} a

launch site {}r launch property shall not be required t{} pay t{} tile United States any

amount fi}r launch services s{}lely allrihutahle t{} the scheduled launch prevented by

such preempti{}n.
"{B) The Secretary {}t Defense {}r tile Administrator {}f the National Aeronautics

and Space Administratiol], in c{}{iperati{}n with the Se{:retary, as the case lnay t}e, shall

t-ei}{}r! I{} tile {2ongress withitl 7 {tays alter ally determinati{}ll {}[ imperative ilatiotlal

need under subparagraph (A), inclu{tillg all exl}lanati{}n {}f the circumstan{esBlstit)'-

i11g such determination and a sche{hde t{}v ensuring tile I}r{}nlI}t launching of a I}ve-

eml}ted payload."

SEt2.8. STUDY {}F PROCESS FOR S{;HEDUI]IN{; DkUNCt IES.

l'he Se{relal'T of TransI}ortati{}n, in {'ooperati{}n with the Secretary {}f Defense and tile
Admitlislrator of'the Natioilal Aeronautics and St)ace A{hllinistrati{}n, and ill c{}nsullali{m

with ret}resel]tatives o| the space laun{h and satellite il]{tustl T, shall study ways all(t means

{}t schedtding (;overnment and {;{}llllller{ial payl{}a{ls {}n c{}mmer{ial laun{h vehicles at
{;{}Vell}lllell[ launch sites in a manner which--

( 1 ) makes the best i}racticahle use {}f tile launch property of tile United States; and

(2) assures that the launch property of the United States that is available for com-
mer{-ial use will he available {}n a {-{_mmevcially reasonahle hasis,

{{}nsistent with the {}l}jectives {}f the {]ommer{ial Space l,atm{h Acl. The Se{vetar)sh,dl

rel){}i't lhe restlhs {}f such study t{} Ill{' (2ongress within 90 days after the {tale {}f enaclx'_len!
{}f this Act.

SE( 2.9. {;OMMER{;IAL SPACE DX_UN{ ;H SERVICE (_OMPETITION.

it is the sense of the (2{}ngress thai the United States sh{}uld explore ways and means

{}f developing a dialogue with appr{}priate ti}reign g{}vernmcnt representatives It} seek the

deveh}t}nlent {}t guidelines f{}t ac{'ess It} lautlch services hv salellitc huil{lers and risers in a
tl_alltl{'r thai assures the Colldtl{t of veas{}nahle and t;tir illlernati{}nal C{}lnt}eliti{}n ill {{}nl-

m{'r{ial st}a{e activities.

]l I.R. ,1399-8] SEe. 10. DkUN{:It VEHICI.E RESEAR{It AND I}EVEI,()PMENT
The A{hninistrat{}r {}f 01e National Aer{}nauli{s all{| SI}:.l{e A{hninislrati{}n shall, in

{{}llsult,tti{}n wilh rel}resemativ{!s {}["the space launch arid satelliI{' ill{lustry, {tesigtl a pro-

glalll for the SUl}t}{}rt {}f resear{_h into launch syslems C{}llll}{}llen[ te{'htl{}l{}gies, fi}r the

i)urp{}se {}f {levelot}itlg higher t}erIbrnlalwe and It}wee cost United States lauH{h vehicle

te{-hn{}h}gies and svs|ellls available [{}r the launch of C{}lllillelT]aI a11d {;{}v{!illillellt '_l};t{'{_-

{rafl into orbit. Tl_e A{lmil_istrat{}r shall sul)mil a rel}{}rt {}utlinillg such i}r{}_ram It} the

{ _{}n_tess within 6{} days after th{' {lale {}["{uia{tlllent {}f this A{I.

SE{;. l I. AI'PIJ{]ABllJTY TO I.I{;ENSES.

lhis Act, iliId the alllel]{hneIltS illa{le bv this Act shall al)l}ly t{} all li{cnses issued tm{ler

the C{}mmercial Space l_aunch Act hef{}le, {m, {}r after the {late {}t ell_t(llllell[ {11this A{t.
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[signature ]

Speaker q/the House _/ I_,'pre.v'nUaive_

[signature]

PresMent of the A'enate Pro l_,mpolv

APPROVED

NO\: 15 1988

[signalure of Ronald Reagan ]

Document 111-17

Document title: Shellyn G. McCaffrey, The White House, Through Eugene G. McAllister,
Memorandum for Nancy J. Risque, "Space Launch Insurance," July 1, 1987.

Source: Ronald Reagan Presidential Library, Simi Valley, California.

Even thouAHJ the A'pace Shuttle had been barred.fiom laumhb_g commercial pa_qoa& in A ugrust 1986,

the_v _emained a number o/barrier_ 1o the entry r_/privately turned and operated (:.& l'.'l.l.{s into the

commercial launch market. O_le la,_e obstacle u,a._ decidit_g who had the re@o_._ibifi(_, fiJr providing
insurance at_ainst third-par O, damage.s re_ultil_g flora a _ommetHal launch. This memorandum

recorth an i_6tial poll 0, di.w'us_ion on this issue. ,Vain 3, lCLsque wa.s a .setfior llTtite House xta[lw deal-

inz( with economic poll 0' is._ues, and EuLrene AhAllhter and 57*rllvn AIcCa[]}.C., wew staJ, j,gllpporl /_r

the 1_lTdteHouse Economic Policy Council (EPC). The i._ue was _,entaall_, resoh,ed whe*_ Cong'r_<v_,

in the Comm_qcial ,S_mce l.aum:]_ Amendments o/ 19,%% a£,_eed that the U.I% Lrovernmenl wouM bear
the liabili(v fin thiM-party damage_ above $50(t million.

[ l ] THE WHITE HOUSE
WASHIN(,TON

July l, 1987

MEMOP_XNI)UM FOR NAN(,YJ. RISQUE
TttR()U(;t t: EU(;ENE J. McALIJSTER [initialed "EM"]

FROM: St tEI_I NN (;. Mc(:AFFREY [initialed "SM"]

SUBIE(7I': Space Latmch. Insurance [handwrillen ttnderlining]

ISSUE: The EPC Working (;roup on Space Comnmrcialization [handwriuen underlining]

Ulel today to discuss ti)t the tit+sl time potential options li>r a<tdressing the issue of space

launch provider insurance and Ihird-party indemnity. DOT made the presentati<m. This
memo is to brief you on llz_, discussion.

BA(:K(;R()UNI): l.asl yeal; the EPC delernlined, wilh the President's concurrence, Ihal

lhe U.S. should not subsidize insllrance costs fill a private U.S. sF,ace launch indusil-v.
NSI)D 9 apF, ears to reiterale tllal F,olicy. The issue nonetheless calm" Io file ti)reti<_lll (;t"

the development of the private industry when the Air Force, 1)()+1 , and launch vehich"

mantdacturers could no! reach agreemt'nt on liabilits/indem,dW provisions wilh a model

launch lacdtly agreelnellt. The issue touk on commercial signilicance when Intelsat

recently broke off inlormal negolialiocns tin a salcllile l;ttn/(h wilh Marlin-Mariella rep()rl-

edly I)ecause of Ihe [JS(;'s titihne to inth'mnit}, polential lhir(t-parl5 liabililv beyond

Marlin-Marielta's illStLl_ltl('e ('overage. The issue t_)r Ihe :Xdztlitlislralioll' sul:,seqtwnt[ i has
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been whether and m what exWnl I!S(; tllird-parly illdenmily represents atl aclual roild-

bhwk m a viat)h' l!.S. launch industry.

DISCUSSION: The sense of the Working (;roup today was that there are several questions

outslanding as a preltlde to am' Council consideration of whether Io rewwse its previous

policy against US(; indemnity. These include:

I.

t),

121 3.

ttow much are U.S. launch providers paying tot the insurance coverage lhey now

caNT? (',art they purchase addilional increments of coverage in tile market? If nol,

why tlot?
Do_>s flw French Government haw" an explicil, or implicit, agreemenl iudemni-

t_'ing Ariane Space (lhe (;overmnen! owns at leasl 34 perceut of Ariane), the

m_ior U.S. competitor?
Is lntelsat bluffing, considering that there is only tile one (USSR) third-party lia-

t)ility case on record, and considering Intelsal's very limited options for gelling its

satellite inlo space in lilt" ileal f/ltttre?

The current consensus of !he group seelns to be Ilia! it is preferabh' that the 1].S. not

indemllit_, but seek instead to Icvel lhe inlernational playing tieht lhrough consuha-

tions/negofialions with ottr competitors. USTR will begin consultations later this inonth
with the French and Europeans on a range of space subsidy issues, inchlding indemnity.

The near-ierm issue rmnaining, raised hy DOT, is whether lhe EPC shouht consider "inler-

iln" indemnitication until bilateral agreements on Governlnenl indemnification are

achieved. Becittlse several lNorkillg (;rotlp lllelll])ClS explesse([ COllCelll aboul such _l lwo-

headed slraleg_', DOT said il would consider further lhe issue and ,ehtted queslions and

return with a report to die group.

Document 111-18

Document title: The White House, National Space Policy Directive 2, "Commercial Space

Launch Policy," September 5, 1990.

Source: Vice President Dan Quayle, "Final Report to the President on the U.S. Space

Program," January 1993, NASA Historical Reference Collection, NASA History Office,
NASA Headquarters, Washington, D.C.

The new admi,i,_tratior_ o,/ l're,sMent (;emge Bush included a re-created National Space Council,

cha#vd by Vice 15v.side,_t Dan Qum'le and ._upported hy a small .sial ] in the lixecutive ()|lice of the

15eside,{ Thi._ was the first tittu" that the_" had beeqt a .separate Executive Office bo¢(_,addressing.qmce
issue.s siltce 1973, when President Richard Nixon had abolished the National Aeronautic.s attd Space

Council that had been created tn' the 1958 Space Act. The National Space Council and its sta[] pro-

vided the mechani.*m fin a ,sTe_4e_q space poli_y di_'ctive_ durng the Bush administratimi.
Comme_Hal laumh i,s,sue_ were an intportant ag_enda item /br the Nrttirmal Space Cmtncil; thi_ direc

tire wa_ the result t?/it_ initial deliberations.
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[no pagination ]

National Space Policy I)ircctive 2

Scl)temhcr 5, 1990

Commercial Space Launch Policy

Policy Findings

A tommercial space launch industry can tnovide many betwtits to the U.S., including
indirect benelits to IY.S. national security.

The long-term goal of the United States is a free and ti.air market in which U.S. indtts-

tit can compete. To achieve this, a set of coordinated actions is needed for dealing with
international competition in launch goods and services in a manner that is consistent with

our nonproliferation attd technoh)gff transli:r ohjectives. These actions mttst address hoth

tile short term (actions which will afflict competitiveness over approximately the next tell

years) and those which will have their principal effect in the longer te(m (i.e., after
approximately tile year 2000).

-- In the near term, this inchtdcs trade agreements and entorcement of those agree-

merits to limit unt]tir competition. It also includes lhe continued use of U.S.-

manufactnred launch vehicles for launching U.S. (;overmnent satellites.

-- For tilt" longer term, the l.]nited Slates should take actions to encourage technical

itnprovcments to reduce Ihe t+_Jsl mid increase lilt' rclial)ilily of tLS. Slmce lalmch vehicles.

hnl)lenlenting Actions

U.S. (;overnment satellites will tie latnwhcd on lY.S.-mann[actttred launch vehich's

unless specifically exeml)ted hy the IZ'resident.

Consistent with guidelines to t)e developed hy the Natitmal Sl)ace Cotmcil, U.S.

(;overnment agencies will actively consider commercial space launch needs and factor them

into their decisions on intprovements in latmch infrlcstructtue and launch vehicles aimed at

retlucin_ cost, and increasing responsiveness and reliability, of space launch vehicles.

The U.S. (;overninerlt will enter into negotiations lo achieve agreement with tilt+

Europeatl Space Agency (ESA)., ESA tnemhcr states, and others as at)propriate, which
dcfincs principles of free and fair trade.

Nomnarket launch providers ot +space launch goods and services create a special case

hecause of the absence of market-oriented pricing and cost strnctures. +I)) deal with their

entry into tile market, there needs to bc a transition period during which special contli-
tions may be required.

There also musl be an ellk'ctive means of et+l_)t+cing itllcrnational agreements related
to space latmch gootts and servi(cs.

Document 111-19

Document title: The White House, National Space Policy Directive 4, "National Space
Launch Strategy," July 10, 1991.

Source: Vice President Dan Quayle, "Final Report to the President on the U.S. Space
Program," January 1993, pp. III-25-III-28, NASA Historical Reference Collection, NASA

History Office, NASA Headquarters, Washington, D.C.

Continuing polity is.+ue, related to commePrial .+pace launch+_ were one q[ the ma]or [rlcto_+ leadi++g to

the issuance q/ thi.s ,_tatement o/an overall .strateLg, Jbr space launch by the Bush administratio_.
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Ino page nmnber, bill would bc "111-25"]

National Space Policy Directive 4

July 10, 19Gll

National Space Launch Strategy

1. Introduction

a. National space policy provides a framework wilhin which agencies plan and conduct

U.S. (;overnmenl space activities. The National Space I.aunch Strateg 3, provides gnidance

lot implementation of that policy with respect 1o access to and from space.

b. ,.\ssured access to space is a key elcmenl of U.S. national space policy and it t0unda-

lion upon which U.S. civil, national security, and commercial space activities depend.
c. United Stales space launch infrastrttcture, including latulch vehicles and supporting

tic|lilies, should: (1) provide sali' and reliable access to, transportation in, and return

ti()m space; (2) ledttce the costs of spat:t" transportation aud related services, thus ell(C, ttl-

aging expanded space activities; (3) cxph)it the unique attributes of inanned alld
unmanned launch and recovery systems; and (4) encourage, to Ihe maximum extent flea-

s|bit, the development and growth of U.S. privale sector space transportation capabilities

which can compete internalionally.

II. Space l.atmch St,-ateg?'

a. The National SI)ace l.mmch %trate_' is composed of li)uv elements:

( 1) l_nsuring thai existing space launch capabilities, including support tin:|lilies, art"
sufticienl to meet U.S. (;overnment manned and unmanned space latmch needs.

(2) Developing a new tmnlanncd, I)ttt man-rateable [sic], space latmch system to gready

improw' national launch capability with reductions in operating cosls and improve-
ments in launch system reliability, responsive,wxs, and mission performance.

(3) Sustaining it vigorous space launch technologn:, program to provide cosl-ell}.'cliw'

illl])lOVelnClltS to Cllfrenl latlllC]l systelns, alld to supporl dex. eloplncelll o[

atlxanced launch cal)abililies, COml)lemenlary to the ncv¢ launch system.

(.t) Activelx consid('ring commer(ial space launch needs and t_tct()ling them inl()

decisions on improwm)ents in launch t_tcililies and launch vehicles.

b, These strategy elemenls will l)e itnl)lemented wilhin the overall res()m't'e and policy

guidance provided by the President.

Ill. Sualeg) (;uidelines

it. Exisling Space l,aunch (2tpability

( 1 ) A mixed lit'el comprised ()f tilt" Space Shuuh" and existing expendable launch vehi-

ties will be Ihe prinlary U.S. (;OVelllllll.'lll illeallS Io ll'anspol-I people and cargo to
and tionl space through lhe current decade and will be important components of

Ihe Nation's latmch capability well inlo the tirst decade of lhe 21st cenlmw.

(9) "1"omeel 17.S. (;overnment needs, agencies will conduct programs to svslenlalical-

lv midnlain and improve the Space Shuttle, current U.S. expendal)h" launch vehi-

(:le tleets, and supporting launch site facilities and range capabilities. Such

progranls shall be cost-eHective relative to CllH'elll and programmed mission
needs att(t It) inveslnteIlls ill new launch capal)ililies.
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(3) As lhe Nation is moving toward developnienl of a new space launch syslelll, lhe

prodllclioll of addilional Space Shuttle orbiters is noL p]anlled. Tile producliiln

of si)are paris should continue in lilt! ileal > lellll Ill supporl the existing Shuille

fleet, aild ll) presl,r'<e all option il) acquire _i replaceliieill orbiler in (tie evenl ill

an orbiler loss or oilier denlinislral)le lieed. Bv conlifiliillg 1o opelale lhe St(utile

COllservalively, by laking slLeps Io increase lhe _ reliabililv alld Iifetilne of existing

orbiters, and by developing a new launch syslenl, till. olJel-alional lilT<"of the exisl-

ing orbiter fleet will be extended. The Space Shuule will be used only for lhose

iniportant missions thai require nlanned presence or other unique Sh'uttle capa-

bilities, or for which use of the Shuuh, is delernfined to be inlporlani fin nalion-

itl security, foreign policy, or oilier conllielling pllFpl/ses.

(4) Conslslellt wifll U.S. nalional setlit(IV and lialional space poll()', the U.S.

(',overnliieill may seek Io reqover rt'_;idil_ii vahie I}-()lll ballislic missiles wilicli ate, i)i

subsequently beconie, Sllrphls Io lile needs ill file l)eparlnienl of Defense. Prior Ill

any release ofsuc]l inissi]es, (hihid(Jig conlpollelllS, beyond those alread), approved

filr iise as space launch vehicles, Ihe [)eparlnit!ul ill Del_nse will c()ilducl, and Ihe

Nalional Space Council and lhe Nalional Securilv (:ouncil will review, all assess-

illelil o[aherlialive disposili(nl oplioiis tbr stich inissiles. 1)isposilion oplions will lit,

evahialed in lerlns of lheir consislency with IT.<%. national security and toreign poli-
CV inleresls, awlilab]e agellcy resources, do|'elise iliduslrial base ClnlsideraliOllS, alid

wilh dtle regard l(i ec¢nlomic iinpacl oil I]ie COlllniercial spat(, secloi\ proilloliiig

COllipelilii)n, and the IOllg'-Iel'Ill public illleresl.

[I!I-26]

(1)

17. New Space Launcil Svstenl

The l)eparlnlent of Delk'nse and till! National Aeronautics and Spare Adniiriistralion

_411 llilderlake the joint developillenl era new space iatlnch svslem to nieel cMI and

naliona] Secilril,V (leeds. The goal ill fills ]aulich pri)grain is III greatly in(prove ilalion-

al launch capability ',dill reduclioliS in operating cosLs and inlprovenleilLs in |till(It'll

svsleln reliatlilil_; respl)lisiveiless, alid mission perforniallce.

(7) The new launcil sysl('ill, inchiding lllantilacliirillg processes and prodilclioii and

launch facilities, will be designed io supporl a ralige ill nieditlnl- to hea_,-lift per-

|oriliance requirelnenls and Io Cacti(tale evohiliOllarv challge as reqtlireilieiils

evolve. Tile design llla,v lake advalltage ill exislillg C(')lilpOllelllS |'rein bol]l llie

Space Shuttle and existing exl)endal)le Iilckels ill ol'del" It) expedile inilial capa-

bility an(I redtice developmellt cosls. While initially ilnnlallned, lhe new ]aullc]l

svsleln will be designed Io be It(an-rateable [sic] in till! flilure.

({_;) Tile liew hulnch svslcm will lie nianaged, |linded, and developed.joinlk, bv ltw

Deparllilelil of [)e|t'llSe alld llle Nalional AeronallliCs and Space Adnlinislr;ilitni.

Tile develop(hen( ]lrograiil will be slrilClllred in ihe llear lCrill toward the goal of
a first flight in 1999. [towever, lhe progranl stlould it]low t(71- several sclieduh,

options for ill(" first flighl and stltnild identit_i key inlernlediale nlileslones. Since

till" Ile%V lauuc]l svslelll will provide the I)ppl)l'lllll]l¥ |ill" significanl hlllg-lellll bell-

ellis to the conlnlelt-ial spa(:e latlnch illdllSllV,' the agellcies should actively

explore lilt! polenlial fiir l_).S, i)rivate secl(ll participation. Final decisions (ill lh_'

plOglalll schedule, in(hiding lilt" date ill" tilt" first flight, will be lllade during Dis-

cal veal- i (.It.l!/, based Oil updated ICqlliFellienLs and technical alld budgelarv Cllll-

sideralions ;tl titai tinie. A joint prograni plan will be prepared bv file 1)eparinlenl

of I)efense and llie Nalional Aeronautics and Spa/:e Adnlhlislraiion and reviewed

by lhe National Space (]ouncil.

(4) The DepaFllilen[ of Defense all(l Ill(" Nalional AelonallliCS and Space

AdminislraLion will plan for lilt" Irallsilioll iffselecied space programs (il)ln CIIlrelll
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d.

launch systems to tile new launch system at appropriate program milestones m

insure [sic] mission continuity and tO minimize satellite and other transilion cosls.

Space Launch Technolo.k,3!

(1) In addition to conducting the tocused development program tot a new launch

system, appropriate U.S. (;oveltmlent agencies will continue to conduct broadly
I_ased research and tocused technologT programs to support hmg-term improw'-

ments in national space launch capabilities. This technology ettbrt shall address

launch system components (e.g., engines, materials, slructures, avionics); upper

slages; improved launch processing concepts; advanced [111-27] launch system

concepts (e.g., single-stage-m-orbit concepts, including the National Ae,oSpace

Plane); and experimental tligh! w:hicle programs.

(2) The Departinent of l)efense, the Department of Energ?/, and the National

Aeronautics and Space Adlninistration will coordinate space launch techlmlog_'
ett'orts and, by December I, 1991,.jointly prepare a 10-year space launch technol-

ogy' plan.

Comnlercial Space l.aunch Considerations

(1) In addition to addressing (;overninent needs, inq)rovement of space launch capa-
bilitics can thcililate Ihe ability of the U.S. commercial space launch industry to

compele. (_onsislent with U.S.'space policy, U.S. Goverrmlent agencies will active-
Iv consider commercial space laulwh needs and factor them inlo decisions on

existing space launch capabilities, development of a new space launch system, and

implementation of space launch technology' programs in the tbllowing ways:
(a) U.S. (;ovenunent-flmded invemnents _dll Ix" consistent with approved budgets and

U.S. Government requiremenls.

(t)) U.S. (;overnmenl agencies, in acql,iring space launch-related capabilities,

shottld:

[ 1 ] Allow contractors, to lhe tulles| extent teasible, tile tlexibili D' to accom-
modate commercial needs when developing launch vehicles and infra-

Stltlcture Io meet (;OVel'lllllell[ needs.

[2] Emphasize procurement strategies which are based on: "besl vahle"
rather than Iowes! cost, pertormance-based tunctional requiremenls,

commercial production and quality-assurance standards and techniques,

and the use of commercially offered space products and services.

[31 Encourage commercial and Stale and local governmellt investment and

participation in the deveh)pn]en! and implovenlent of U.S. latnwll sys-

tems and tacililies.

141 Provide 1or prkale sector relention of technical dala rights, excepl |h()s("

righLs necessary 1o lllee| (_()VeFlllllenl needs or to COlllply with slatliloly

lesponsibilities.
(C) .U.S. G-ovel-tllllellt agencies should seek to remove, wllere appropriale, h'gal

or administrative impediments to private seclol arrangements such as indus-

try teams, c(msortia, cost-sharing, and joint production agreements which

may benetit U.S. [!II-28] Govermnent needs and economic competiliveness.

Agencies sht)uld also seek legislative authority for stable h)ng-term conunit-

lilt'liES to purchase space tl-ansporta|ioll services.

(d) Wilhin applical_le la_; U.S. (;overnment agencies are encouraged to use

industry advisory groups to thcilitate the identification of commercial space
launch' needs and the eliminalion of barriers that unnecessarily impede
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conunercial space launch activities. U.S. agencies are also encouraged Io con-
suh with Slate and local govermm.nls.

(2) U.S. (;overnment agencies should dcvcqo[) explicit provisions to implement these

gtfidelines t0r actively considering commercial space launch needs. ,,ks appropri-
ate, agencies should solicit ]mblic views on these provisions.

W. Reporting Requiremenls

U.S. C,overnmcni agencies aflected bv lhesc slralc_' guidelines are directed Io reporl
by December 1, 1991, to the National St)ace ()mncil on their activities relaled to the

implementation of these policies.

Document 111-20

Document tide: Elizabeth Dole, Secretary of Transportation, Letter to the President,
September 30, 1987.

Source: Ronald Reagan Presidential Library, Simi Valley, California.

By November 1983, _S)'cretmy of Tran._]mrtatiou l:lizabeth l)oh" had .gecured [br her agemy jurisdiction

over the commercial space laumh indust_)'. (h_o the ]Dllowing fimr Vem:_,._he and her stqff were strong

advocate_ ./or that indust O, in discu._sions within the executive branch and with Congres._; the Office

also beg_an to develop an e[fi,ctive poli 0, and _wulatm), /mmework./i_r the i_dtt._tr_' :_ dm,elopment.

[li

Dear Mr. President:

Tt IE SE(]RETARY ( )F TRANSt'()R_IT_TION

WASI IIN(;T()N. I).(;. 2059(I

Sel)l,,'mb,m 30, 1987

As ! |)rel)ai+c to leave the (]abillel, I W_lilt to give you a slattis report Oil the success of

VOlll ('Oll)ill(_l+cia] space launch policy. This parlictilarly bold inilialiv(, will hel t) k(,eil
Ailielica Oil iht' culling edge in space by directing the t'lierhry and cr('alivilv of tliis ilalion's

i)rivalc st'tier to rt'ducing liic cosl o[ lralisporlaliOll, enal)iillg ilS to lap itlc hill t'coiiolni(
potential of ihe space environnieni.

Because lh(' space lransp<)rlalion ilidtisil), prcsenled all excellent ease |or privatiza-

lion alld ])0(_ttlSt, lhc ('oIIS('(]ll(!llCt's for Alil(_li('it's s|)a('l" ])rograiii were so conipelling, we
;.tlgUed at every level of govt'l'lilll('lll IIKII lilt' ti'd('ral lilOllO[)Oly in st)at(, t)(, t'ndt,d. [ ;.lill

f)leased to illf()rm }'(ill that since the U.S. goverillllelll is ilO lOllger competing I(_i coin-
ilit'rcial saicllile laullches, Aiil(.rica's COliinit.rcial ]aullch vchich' ilidUslil; has made signil;
ical)l inroads againsl Ariane and oilier [(irt'ign c_lnli)t, lilors. Pirnl conlra'lls are ill place Io
launch eigtil payloads in lgblg-.t)(l, in addition, thesi, comi)anies have reservations [i)r an

addilional sevelileen lailnch(-s liiroiigh 1991, a number thai grows daily.
The econollliC beneliis ale signi|icanl. American COlllpallieS hay( _ aht.adv invested at

]cast $400 million in private Callila] to sul0|)orl comnlercia] launch aciivities.Thest, tirlns

ri!l)ori lhal ihcir colnl)iiied ell()ris will add al least 8,00(i new jobs and nearly a billion del-
imits il VCaF il.)Allleli(';<l's efOllOlnv. Ill J_lCl, ('VelW 1i111("_t foreigli (711SlOlll(!l-]itllll('h(,s Oll _111
Anit'ricaii rockei, h ottkeis our ])alailc(-el ])avilll, rils by $t0 iniilioli tl)$100 nlillioii each.

As }'Oil direcied when yell signed l_]xcciili_,e ()rdel" 12465 in Fel)ruai-v 1984, 1)()T has

taken the lead within ihc ]i'dcra] gov('rnnienl Io develop policies and"l)rocedurcs lhal
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would ensure safe and responsible conduct of private launch activities, but not impede the

growth or vitality of this critical indt,slrv. This Departnlent's etIorts have had a common

goal: to see tha(America's transportati('m industries are the world's safest and most elfi-

cient. Our commercial space transportation program is fully consistent with that goal.

[21 We'w" Inade significant progress, but the continued commitment of other govern-

menl agencies ill this effort is critical to the commercial viability of this indust_'. A key fac-

tor in the emergence of a private sector launch capability was your decision that NASA not

maintain its own EIN a(!junc| to the Shuttle as well as NASA's proposal m purchase com-

mercial launch services to meet, where appropriate, critical government missions that can-

not be scheduled ill a timely nlanner on the Shuttle. The Del)artment of Det}ense's

requirement in a recent EIN procurement thal manltl_tcturers demonstrate "connnercial

adaptal)ilitv" is the D'pe of action that strengthens the production bases of companies

oIt_'ring C_mmwrcial humch services in the international marketplace.

The Administration IllllSl step up its eltorts to retorm procuremen! policies and prac-

tices to allow [k, deval agencies to minimize the administrative burden currently placed on

COllllllercial |]llllS lhal walll H) provide lallllCh services 1<7 goverlllllellt agencies on a cotll-

inertial basis. Finally, DOT will colllinue [o work wifll Ihe Air Force and NASA Io improve

the terms and conditions that govern commercial launch operalions al national ranges.

These ell'orts, log('lher with an etticie]n i-egtlla.lol)' l)rogralJl, will sevve lo adwmce lilt!

critical national interests associated with a competitiw" U.S. commercial launch vehicle indus-

try. With a strong EIN industrial batse, our nation should never again be left with a sew're

sl{ortage or launch capacity. Your _ision ill privalizing all industl T, whose reliability is

unmatched bv any other l_{unch system in the world, has far-reaching ramifications tbr

America and _ill result in lasling benelits l'_wall Americans. l am most grateful for the oppor-

tunity that you gave me to play a role in the development of this new and dynamic indust, y.

Rest)eclti.llly,

Elizabeth Dole

The Presiden!

The White House

Washington, 1).(:. 20500

Document 111-21

Document title: Richard E. Brackeen, Chairman, COMSTAC, and President, Martin

Marietta Commercial Titan, Inc., to James H. Burnley, Secretary of Transportation,

January 29, 1988.

Source: Office of Commercial Space Transportation, Department of Transportation,

Washington, D.C.

RichaM Brackeen was the individual within the Martin Marietta Company who had pushed the t_m-

pan_" to attempt to market a va/ant _[its 7)tan launch vehicle as a commercial launcher He al._o

.ge_7-Jed a term as chair o/ COMST]4C, the Commercial spm:e Tra,rsportation Advism 3' Committee. In

that capacity, he provided an early 1988 status report on the U.S. space launch indust U to Secwta* 3'

0/ Tmnsportation.ptme.g Barnle)'.
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[ 1] MARTIN MARIETTA (;OMMER(3AI, TITAN, IN(:.
RICHARD E. BRACKEEN
PRESIDENT

RO. BOX 179

DENVER, (:()LOILM)O 80201

TELEPtIONE (303) 971-2034

January 29, 1988

The Hom)rableJanles H. Burnley
Secretary of Transportation

U.S. Department of'I)ansportation
400 Seventh Street, S.W.

Washington, 1).C. 20590

Dear Mr. SccremU:

The Commercial Space Transportation Advisor?:, Comlnittce (COMSTAC) held its

sixth meeting on November 12-13, 1987, in Washington, D.C. Members reported consid-

erable progress in achieving the Administration's goal of cotmnercializing tile provision

of expendable launch services. With the strong support of yore 1)epartment's ()flhe of

Commercial Space TFanspollalioll and of the I!.S. Air Force;, range use agreements have

heen signed by Marlin Marietta Corporation and General l)vmunics Corporation. In addi-

lion, a NASA range use agreement has heen signed by Space Services, Inc. Major invest-

nlenls [totaling] approximately $4{)0 million have been made in this emerging business
by the commercial El5 companies, and have resuhed ill the creation of some 8,(100 new

jobs. Most importantly, contracts to launch 12 satellites have been awarded to 3 U.S. EI_V

companies, contributing over $550 million to tile U.S. balance of trade.

At our meeting, representatives of key W.S. (;()Vel'lllllCIlt agencies reviewed with (;OM-

STAC meml)ers the status of various U.S. (;overnnmnt poli O, reviews and other govern-
mental activities atli.cting tile U.S. EI_V industry. ()[ particuhu-interest to COMSTAC was

the ongoing National Security Council policy review. COMS'I)M] reiterated strongly its

SUl>t+<)rt of Administrati<m policy prohibiting NASA from maintaining an ELV a_!junct to

the Space Shuttle, and prohit)iting the lalmch by NASA of commercial and tbreign pay-
loads on the Slmllle unless these spacecraft illllSt be man-tended or are important tot
national secm'itv or toreign policy purposes. (:()MSTA(] members have asked me to

request that, in this review, you strongly st£pp<nt tile continuation of these essential poll-
c}' elelllCnls <)1 the Nation's space ICCOVelv prograln.

Despite progress in many areas since its last meeting, COMSTAC found that certain

important issues remain to be addressed, and tmanimously adopted the following recom-
mendat ions:

[2]
• The Secretary shouht urge the Sccretap: of State to ,aise the issue of launches of

_k-stern satellites on Proton hmnch vehicles with lnembers of the Coordinating

Conunittee toy Muhilateral Export Control (COCOM), and to seek independent

statements t'r<ml lnemhers of their intention to abide by (;()(:OM principles with
respect to the transfer of critical space technologies.

COMSTAC memt)ers strongly support the U.S. l)epartment of State's recent reatlir-

matiou of hmgstanding U.S. policy prohibiting lhe transfer of sensitive space tech-

nologies to the Soviet Ih3ion. Both U.S. EIN and satellite lllalllll_tcllll'ing companies
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arc concerned, however, that foreign salcllite manufacturers may purchase Soviet

launches at prcdatol T prices, and flirts win ccrUtin foreign procurements. Statements

of supl)ort for existing CO(X)M I)riuciples by CO(:OM lncml)ers would reaffirm the

existing Western consensus in this arena.

I)OT should promptly exel+cise its full slat/itory authority It) establish allocation of risk

i)vinciples and instuance ret:lUilenlelltS cmering liahilitv for damage It) third parties+

as wcll as lo (;overnment property.

D()T has a d,aft rulenlaking pending in lhis area. The thst launch that will he licensed

under the Act is currcntb,' scheduled ill early 1998. P,ompt exercise of DOT's authori-

ty is required for file sm0ofll iml)lenlentatio,l of the Nation's commercial ELV policy.

I)()T should push tbr a national decision on lhe natl.lle and magnitude of risk that
the 17.S. (;ovel-nlnelit should bear in order to ensure a conlpetitive U.S. EIN industry,

and shonld SUpl)orl apl)rOpriale legislation.

As a signatory Io the 1967 Treaty on the Peact'ful Uses of ()uler Space and the 1971
I_ial)ilitv (k)nvention, the U.S. (;()vcrnmcnt asstmled absolute liability for any damage

caused'to third persons or their property by any object launched from U.S. territo W.
In till'l: NASA was aulhorized to share this risk with industry hy t)aying third-flatly

claims against its conlnlercial ciis|olnels It) the exteIlt that these claims exceeded the

liability insurance NASA required thenl to carry.

I)()T, howeven has no such author:l}: In addition, under the USAF range use agree-

ments, U.S. EIX r coinpanies are being required to obtain the "maximun_ available"

insurance al a "leasollable price," currently estimated to he $500 million; above this

levcl, lhc LI.S. [3] (;overnnlent and the ELV companies are responsible under "applic-

able law." /',,s a result, these companies are t_tcing risks Ihat, while vet T remote, a,e

potentially larger than the availahle third-party insurance capacity. In addition, since
flleir major competilor, Ariauespace, is indemnitied t)y the French Government

againsl all third-party claims above 400 million French francs (approximately $70 mil-
lion), lhev sulti_q a compefilive disadvantage ill lilt" worldwide commercial market.

DOT should expeditiously exph)re the mechanisms, if any, required m ensure that

adequate insurance capaci D' is awl:table to cover the third-party liability and property

damage risks taced l)v the comnlercial EIN and satellite manuf_tcturing industries.

With a growing numher of commercial E1N lat,nches anticipated over the next tew
veal's, lilt" commercial ELV and satellite lllallnlactnlelS al'e concerned thai adequate

instnance capacity be available to cover their flfird-party liability and l)rOl)erty dam-

age risks, l)()T's prompt exploration of apl)roprialc insurance cal)acily mechanisms
should increase tilt' likelihood that :ill required coverages will be available.

The Secretary should strongly support the ettm'ts of the Office of Federal
Procurenlellt Policy (OFPP) anti other appropriate U.S. (;()vermnent agencies It)

idenlit\' and impleInent the most al)l)ropriate approach to be followed I)y all U.S.

(_()Vel'l]llll,'nl space I)rogr,uns in cOral)lying with Administration policy of procuring
(onllllel-tial ]aun(h services lalher lhall haldware.
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Under Administration policy, both DOD and NASA are now procuring ¢:omnwrcial
launch services, as opposed to latmch vehicle hardware. Procurement officials are

experiencing diffictfllies in determining which ¢)f the Federal Acquisition Regttlalions
(FAR) apply 1o these pl+O('l+ll'ClllelllS. Ill addition, in file case of U.S. (;overnmenl

turnkey procurements, it is not clear to U.S. s;llellile mantflhcttlrers which of tile FAR

requirements must be passed <mt<) the EIN sttl)colllvactors. For example, ELV com-
panies recently received RFPs [Re(luesls tbr t'Fo[)osals] fiom two satellite manutac-

turers bidding on the Na_ T !..!tIF [uhrahigh fiequetwy] procttren+ent that contained

a total of 88 FAR requirements, only 12 of which were the same. Responding to such

differing RFPs for one latmch services <'()llll'_l('l |)|:ICES _lll IIIIIIeCcss?IFy financial bur-
den on tilt" El+\,' companies.

An effort to resolve these ]Hoblems is tmderwav within tilt" Administration led by

OFPP in consuhatioN with the relevant 141 agez+Icies. I)()T's strong support of fbi's

effi_rt would help to achieve tl_¢+ prompt resohttiot+ o1 this pt+olllenl.

The Secretary should m-ge lhe (t.S. Trade Represet+tative and other appt-opriate U.S.
(;overnment agencies to assess the Icing-term impact of growing demands for U.S.

commercial ELV and satellite companies to provide mandatory trade ottsets at a con-

dition of bidding on toreign comtnercial space lalmch programs.

A lltllllb(!l" O|" l_)l'eigtl ('<)mmercial space syMelll pl'()Ctll'elliCllt,s ill+( • tll|d('l'Wii'X _tt this

time. In an increasing nlmll)er of cases, tile CllStOtllel', whether it be a fi)re]gt+ gov-

ernment or a fi+reign c<)rp<wation, requires U.S. coral)allies , as a condition oft)idding,

to provide It+ade offkets. (_OMSTA(_ is awat-e that trade offsets have long been a prac-
tice in tnilitary and aviation pr<)t'tlrenlettts. However, they have not until now I)etome

the practice in commercial latmch l)rocurcmetlts. (]OMSTA(] believes that one <)f"th(!

advantages inherent in the Administrati<)n's C<)lnmertial latmch servi(es |)<)lit:'+' is the
(:ontribttli(m this emerging industry will make I() lhe (!.S. t)alance _)f trade. Mal_(lalorv

trade oflkets lessen this p<)silive ((mtril)tlti<m and (ouhl, in the hmg rml, cvcil resul't

in a net h_ss ofli+ade, hl aclditiot+, lheir ctmlulative efR'ct could _,o lesseH lhe aerospace
c<)ml)atiies' profit that they decide t<) withdraw l+r.m thest' lines of business.

The Secretarv, worki))g wilh NASA and other appropriate I!.S. (;()vernment ag('ncies,
should seek t() duplicate, ill the EI+V arena, NASA's highly successfttl R&D roh. in the

development <)1 key aer<matlti(al c(mlponeltl techn<)h)gies.

U.S. El,\: alld satellite compa,6es have expressed c<)nsiderabh, c.n('ern about the abil-
ity of the U.S. to compete <)vev the long rim in tilt+ inlernali<mal (omnwv(ial lattnt'h

services market since it is m)t large en<)ugh to support the R&D budgets reqtlired to
develop state-ol=the-art vehicles ,plimized tt+r commer(ial pavhmds. Advanced vehi-

(les deveh_ped fi)t military ptlrposes are Hot optimized fi)v t_ommet+cial uses. They

note that the Etw_pean Space Agetlt.y recently appr<)ve(I a $3.6 billion bridget fi)r th<:

development of the hea+y lift Ari;me V tha| is designed signiticatltly to reduce torn-
inertial c<)sts to <)rt/it.

(X)MSTAC has con(hlded that it is not IIecess_IIV tor the U.S. (;<)vermnent to support

Ihe development oF new commercial expetldal)+le [5] launch vehicles. Rather it pro-
poses (hal the Administration duplicate tile very successful aer<ma<llits R&I) model

used by NASA and ils predecess<w NACA. Under this m<_(tel, NASA, at a tracfi_m of

the development cost of a total vehich', would develop key advanced eOmF, onent te(h-

tt<)lt)gi('s. The <ommer(-ial EI,V indttstry would then inc_wl)orate these te(lmoh>gies
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into advanced, lower cost, cmmnercial vehicles at their expense. DOT's lead in obtain-

ing Administration support for such an approach would provide inuneasurable assis-

lance in maintaining U.S. leadership in this critical area of space commercialization.

Mr. Secretary, the record of your Office of Commercial Space Transportation, with the

full support of (op Departmental officials, in implementing your responsibilities under

the Commercial Space l:aunch Act of 1984 has been outstanding. We welcome your

appoinmwnt, and look forward to w()rking with you to ensure the continuing su(cess of

the new expendable launch vehicle industry.

Sincerely yours,

Richard E. Brackeen

Chairman, (IOMSTA(:

Document 111-22

Document title: Office of Commercial Space Transportation, U.S. Department of

Transportation, "Office of Commercial Space Transportation; Licensing Regulations,"
Final Rule (Preamble), Federal Register 53 (No. 64 / Friday), April 4, 1988, pp.

11004-11011.

Source: Office of Commercial Space Transportation, U.S. Department of Transportation,

Washington, D.C.

;_fier more tim n th tee "_,eat:_Of di._cussion._, the O/]he _ff (;ore men'ial Space 7_ansp0rtatim_ made p ub-

lic in April 1988 thedetails q[ what it wouM takeJbr a pro,ate company to obtain the government

license requi_vd to carry' out a private-sectm space laum:h. The fidlowingz is the Preamble to the Final

Rule without the appe_Mice_.

[110041 14 CFR Ch. 111

[ l)ocke! No. ,138101

AGENCY:

ACTION:

Commercial Space Transportation;
Licensing Regulations

Oftice of Commercial Space Tra IsI)orlation, DOT.

Final rule.

SUMMARY: The Ollice of Commercial Space Transportation is lmblishing tinal licensing

regulations li)r commercial launch activities. These regulations constitute the procedural
framework for reviewing and authorizing all pVOl)osals to conduct non-Federal launch

activities, including the launching of vehicles, operation oflaunela siles, and payload activ-

ities that are not licensed by other Federal agencies. The Otfice also is publishing its gen-

eral administrative procedures and a revised compilation of ils intbrmation requirements.

This tinal rule replaces all previous guidance, speeitically the interim tinal rule, published

Febrttarv 26, 1986, and the Licensing Policy Statement, put)lished Fel)ruary 25,1985.

DATE: This ruh" becomes ettective April 4, 1988.
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FOR FURTHER INFORMATION CONTACT: (,erald MusaITa, Ottice of Ihe (;eneral

{]ounsel, U,S, I)el}arinlcnl of Transporlalion, 400 Sevenlh Sircei S{4/. R{}oln 10424.
Washington, D(; 20590, (202) 366-9305.

SUPPLEMENTARY INFORMATION:

Background

The (;onunercial Space I,aunch Act o|1984, Pub. I. {t8-575, authorizes the Secreiarv
o(' Trallsporlalioll lo oversee and coordillale |711tied Stall'S COlllnleft_ia] ]allnch activities.

q'he Secretary's lllalldaie emhraces the atlt]lorily to license and ol]lelwise regtllale SllCh
activities, as well as the resl)onsibility io ellCOllrage, facilitate and pF()lllOte establishnwni

of a conipetilive United Stales commercial space Iransporlation industry.

The Del)artmenl of Transportation is cmTentlv iml)lementing its autJmrily in this area

through inlerim regulations lmblished lw the ()flict_ <ff(?ommercial Space Transportati{m on

Febrtuuy 26, 1986. The interim regt_lations buih upon the ()ffice's Licensing Policy

Statement, published Febnuuy 25, 1985, which was the Oltice's initial exposition of the licens-

ing process it had devised |ks the means [br guiding t)oih the planning and conduct of the pri-
vale latlnfh activities subject to its at|thor|Iv, hi l)arlicil]all the Ottice's approach io licensing
was intended io cnSl.lle thai certain nalio(lal interests received appropriale attention wtlen
applications are rex4ewed. These interests are stated explicitly in the Act: Public heahh alid

sal{'lx; the salk, iy of propeli), national sectlrily illieresis alld (i)reign policy interesls o1 the
United Stales, Tile licensing process described il) tile policy slaitHllelll involved lwo reviews

(lesigne(I s])ecificallv to a(ldress these interests. ()lie |ocust'd on tile sa|e'lv operalions thai

would he used to stipporl launcll aclivilies, while file ol]leF tT)('tlscd Olt lhe proposed mission

itself In addition, lhe policy slaleinenl emphasized the |iced Io streainliiie procediires for
('ollstlhing with olheF Federal agencies Oll specific colnlller(ial ]allllfh proposals.

The Office received lllllllefous comments on its licensing policy. These (Ollllnenls, as

well as its own greater practical experience with the launch indus|r}, were thllv considered
in lhe course of dralting proposed licensing regulations. Because the O[tic¢_ conchlded

that the launch indusii y required guidance upon which it could iInmediatelv rely, Ihcse

regulations were published on an inter|hi final basis. Ahhough they went into ¢{ttec{ imnle-

diately upon publicalion, the ()ttice requested turther ¢oniilielil'on ils licensing i-egtlla-

lions in order i{i |den|it}' revisions o1 clarificalions Ihal nlighi be needed io achieve
iliaxiinuili respolisiveiless Io llie wide faiigc of iatinc[i activilies Amelican [lrills ('all be
expected to propose.

In addilion, inudl progress has been lnade since lhe interim Iegillatiolls Wore ])ul)-
lished ill developillg lhe COllll-al'ltla] alTallgClllelllS coverillg access of colllltlClt'ial lallllfh

firms to governnlenl-devehiped launch lechnolog), and goverlunent-provided sati'lv ser-
vices. The greater definition thai now exists in this area has, in turn, made it both neces-

sary and possible io ensure that gowwnmeni range safety timclions and launch finn

licensing procedttves are efticiently integrated.

The regulations published loday conslitute the administrative framework tot accord-

ing each |)rop{)sal io (olldlwl a conunercial launch aciivilv a proillpl, well-dethwd, and

lhorough review. They also reflect itle ()ti]cc's on-going eti_)rts io design a licensing pro-
gram thai will provide unqualilied asstirailce to the public Ihal private thms will operale

safely and responsibly. This asslllallce is indispensal)lc to the sIIccess of the Alllefitall COlit-
lnercial launch industry.

The Office will conlinue to ewthlate and, when necessary, re-shape its program in

response 1o growitl, innovation and diversity in this critically inlporlant industry.
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National Space Policy

"file immim regulations were published within a month of tim Space Shuttle Challenger

accident, all eVelll which resulted in tile temporary," grounding of the nation's primm T

means to space. This situation, combined with the rapidly gro_ng backlog of government
and commercial payloads, caused the goverlunenl to reevaluate its reliance on a single space

transportation system as well as its own role as provider oflatmch services tor all the nation's

space needs, lnsteatl, the United States private sector would have to assume a new and sig-
niticant role, alongside the gin,eminent, in assuring the nation's access to space.

In August 1986, President Reagan announced a new launch policy, set torth in his

United States Space l,aunch Strategy, which limits the Shuttle's role to certain missions

and directs the Department of Defense to develop payloads compatible with I)oth expend-

able vehicles and the Slmttle. Further. the President directed that virtually all routine com-

mercial payloads be launched by commercial launch firms.
On February 11, 1988, the President issued a directive on National Space Policy,

which consolidaicd and updated previous Presidential guidance on space activities. The

National Space Policy identifies, tor the first time, a separate and distinct commercial

space sector. The policy is especially significant because of its empha_sis on commercial
launch services as an integral element of the robust transportation capability essential for

maintaining United States space leadership. Furthel, the policy realtirms the role of the
Department of Transportation as lead agency ti)r Federal policy and regulalol T guidance

pertaining to United States commercial launch aclivities.

National Space Launch Infrastructure

The National Space Policy is the cuhnination of a series of Presidential t'olicies aimed at a
tundamenull redetinifion of the traditional role of the Federal Government in space activities.

In the past, the llation's space progTams were conducted entirely by the Federal (_-OVelTltnenl.
launch firms participated in these prognmls only as government contFactol,S, operating in

complete conlbrmance to government program requirelnents and launch pnutices.
Now, however, launch firms will be operating on a commercial basis, in [ 11005] direcl

response to the needs of their customers. In doing so, they will rely on the nation's exist-

ing lat|nch infrastructure for the support they Ileed to undertake missions vital to tile tech-

nological and economic well-being of the United States.
The l:acilities that comprise this intlastructure are resources in which the nation has

invested over the course of three decades to ensure United States preeininence in all activ-

ities. At present, demand to, progranl support at these facilities is great and the supply, as
with all resources, limited. This potential capacity p,oblem highlights the need ti)r man-

agement strategies that will maximize access to the national ranges tor all seclors of the

U.S. space program: Military, civil government, and private commercial. The Department
of l)ef>nse, the National At'.ronautics and Space Administration, and the Department of

Transportation are working in concert to develop the means whereby Federal launch

properly and services can be made available to the commercial launch induslry in a ,nan-
her that enables it to compete effectively in the world market lot launch services.

Pursuant to its authority under section 15 of tile (:ommercial Space launch Act and

consistent with the Presidm{t's directives in the National Space Policy, the Department of

Transportation is working to ensure that government launch property and services

requested by launch tirms are priced in a manner that provides maximum encourage-
ment to thel.!nited States commercial launch indust W. The l)epartment is also working,

in consultation with other Federal agencies, to establish allocation of risk principles and

insurance requirenwnts lhal arc appropriate ti)r commercial launch aclivilies Colldtlcted

at national ranges.
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Safety Roles and Responsibilities

Tim Federal (;overnlnent plays two distinct roles related to safety in tile context of

commercial launch activities. The Department of Transportation hears responsibility fi>r

ensuring, through its licensing process, that proposed launch activities are not hazardous
to public healfll and safety or the sat_:ty of property. Tile Department's exclusive and con-

linuing Safety authority extends to such activities regardless of whether they are staged at
private or government latmch facilities.

Before the Department's ()tiice of Commercial Space Transportation can issue a

launch license, it lnUSt review an applicanFs proposed safety operations. In order to secure

approval fin its sat_'ty operations, an applicant must demonstrate that il can marshall [sic]

the resources needed t<) prepare and launch a launch vehicle safely. These resources can

he assemhled in a numher of ways: A company can <:hoosc to conduct all safety operations

itselt, it may rely on government-provided property and services to support its safely oper-

ations; or it may choose to perform safely operations through some arrangement where-

hy private and government rcsources alc comhined. In any case, tile Conlpal)y lllUSt

demonstrate that all aspects of its proposed launch activities will he conducted salely.

In addition, the Federal Gow.'rnment also operates, through the Air Force and NASA,

a mmlber of launch ranges and related launch [acililies. Numerous safetDrelated opera-

lions are conducted at these ranges. Some of these operations, such as those pertaining
to flighl safety, can he provided trader COlltrac! as a service Io commercial launch firms.

Range operators also conduct sati:ty-related operations thai derive from their responsibil-

ity to protect government property and personnel. These include safety inspections and

monitoring, as well as certain other safety functi(ms performed <m a nmTldatm3,,, hasis for

all range users. Most cotnmcrcial firms have indicated lhal [hey plall to contract with

national range operators for tlight sali'ty support as the means for obtaining safety

app,oval from the Department of Transportation.

Comments on the Interim Regulations

The Office received 13 comments on its interim licensitlg regulations. Of this total,
two were submitted by private individuals, seven from launch firms and other aerospace
companies, one tron) a coalition ot +media associations, (>tie from a law firm that repre-

sents telec(mmnmi(atiotls clients, and one from a Federal agcn(y. In addition, the ()ttiee

also received comments fr<ml the tit)use (:ommittee on Science and Technology.

Most of the comlnents receiw:d by the Otfic:e expressed general support for the licens-

ing policies and procedures articulated ill the interim rule. Several commenters, however;

raised questions c(meerning tile standard for granting +'mission appr(>wd," that is, the stan-

dard for determining that a proposed latmch activity is not <)bjectionahle tiom the stand-

point of safety, United States national security or foreign policy interests, <)r United States

international obligations. Specifically, eommenters expressed concern that the terms

"national security" and "toreign policy" are not defined in the regttlations and could he
iulerpreted too broadly.

The Oftice wishes to emphasize again the guiding principle estahlished hy the
Commercial Space l.aunch Act in this area: the "provision of launch services by tile pri-

vale sector is consistent with the national security illleleStS and foreign policy interests of

tile United States and would be tacilitated by stahle, minimal and appropriate guidelines

that are fairly and expeditiously applied." :_s the agency charged with implementing tile

Act, tile Department of Transportation views this passage as forming the basis for a pre-
sumption thai proposed commercial launch activities are consistent with national inter-

ests. Thus, the purpose of the licensing process, so tar as national secttrity and toreign

policy issues are concerned, is to i<tentiI}' and, whenever possible, ameliorate specitic
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prohlenlswithaprop()sal,nottodeterminethaieachandevelTproposalisgenerallycon-
sislentwiththoseinterests.

However, tile Office also wishes to emphasize again the consideration of national

securi_, and foreign policy factors is required ill tile first instance by the (;ouunerdal

Space l,almch Act, not conlmerdal launch regulations: tile Act requires tile Ottice to COil-
suit with the Departnlents of DeIense and State on all nlatters }Ilk'cling United Slates

national security or foreign policy interests.
The Office also received C()lnlllents thai focused on tile treatment accorded payloads

in the course of Mission Review. These comments were filed by a coalition of organizations

representing entities engaged in news gathering and dissemination ("tile Media Parties"),

as well as by a law firm specializing in teleconnnunications matters. Specifically, tile toni-

mentors expressed some concern thai, as dralied, the regulations seemed to suggest the

possibility of l-edtlndant regulation t_)1- payloads that are already subject to payload regu-

lation by other Federal agencies, notably the Federal Comnnnlications Commission
(FCC) and the National Oceanic and Atnlospheric Administration of file Departnlenl of

(k)nnnerce (NO._). Tile Office recognizes that some clarification of ils policies and pro-

cedures concerning approval of proposed missions may be helpflll in order to eliminate

any confllsion concerning the Office's role relative to Federal agencies with exchlsive

responsibiliff ti)r regulating satellites or satellite services. This nlatter is discussed in

greater detail in the Section-by-Section Analysis.
Tile Media Parties also proposed modifications to Mission Review that [1 t006] are

intended It) provide procedural safeguards to applicants whose conunert:ial space pro-

posals nlay inv()lve activities protected by tile First Amendment to flw (;OllStittllion. Ill tile
view o| tilt' Media Parties, without these modifications, the regulations lnay impinge on

tile First Atnendmenl rights of lleivs organizations.

Tile Office has not adopted these proposed modifications because tile), would have

the cflect of distorting the licensing process. To the extent that a proposal to launch a

(-OliinlnilicatiollS Ol Fcnlole sensitlg satellite raises First Alnendnlellt issues, Ihose ]ssnes

will be addressed by tile agencies with exclusive authori_' tot regulating these satellites or

file services provided by them: the FCC or NO_L,k. Such issues do not fidl wifllin the scope

of the Office's authority tklr commercial launch activities and, thus, are not addressed in

the course of its licensing process. Tile Oltice's sole non-satiety concern regarding FCC or

NOAA regulated payloads is that such satellites not be launched until they at(" licensed hv

those agencies.
Another commenter suggested that Mission Review should examine the impact of

proposed new payloads on titture, as well as current, uses of space. The Office does expect

thai its review of such a payload would locus on safety, national securily ()r foreign policy

implications associate(I with the payload. Ill addition, reviews would also tocus on flmse

inlpacts associated with a new payload that may occur ill tile reasonably toreseeable titture.

However, the Office does not consider open-ended speculation regarding possible fhture

uses of space by public and private entities, both (Ionlestic and foreign, It) be consislent

with the well-defined and expeditious processing of applications required hy the Act.
Tilt" Office received comnlenks fronl lit(' I louse ConmliUee on Science and Technolog T

that touched on a number of subjects in tilt + regulations. First, lhe Connniltee directed Ihe

O[tice's attention to the fact thai since "payloads" are defined as "objects," not people, by

the Act, there could be a problenl _,_ltll the Office seeking to ottiq guidance to private enti-

ties who nlay be planning manned launch activities. Indeed, several such entities have COil-

suhed with the Ollice on a number otoccasiollS and a representative of one start-up t]rlll sits

on the Department's Commercial Space Transportation Advisol T Conuniltee.

With regard to "payloads" as defined by the Act, the Office does not see this ternl,

however defhled, as all impediment to exercising its role as the point o|¢Olllacl within the

Federal (;ovevtunent fi)r private entities planning manned launch activities. Neither tile
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ActnortheReportthatat:companie<ltileActatpassageindicatesthat"launchofalaunch
vehicle"shouldbereadexclusivelyas]aun(hofanunmanned launch vehicle. While it is

clear that the Act was drafted primarily fbr the launch activities most likely to occur in the

near term, commercial launches of unmanned rockets, the Report cl_'arlv states that
"[t ]he Act currently provides adequate supervision for all no_-(iovernme_tal {commercial

or noncommercial) space launches .... " Regardless of the type of launch activity con-
templated hya private entity, manned or unmanned, tile Federal (;overnment must be

prel)ared to provide ellective guidance. Only in this manner can the Government avoid

the tmsatisl_tctory administrative response that firms proposing commercial EI,V launch-

es experienced prior to issuance of Executive Order 12465 and passage of tilt" Act.
The Committee also asked several queslions concerning the Office's research and

analysis program, which is intended to enhance tile technical resources the Office needs

for ef[ective implementation of the Act. This program consisls of studies to be conducted

over the course of two years. The (:ommiuee asked how the OMce can handle private

launch site ])roposals (m a case-by-case base, as provided in the regulali(ms, within the

statutorily prescribed 180 days or how a meaningful ruh'making proceeding on pc[vale

launch sites can begin if the Office's safety research aud analysis will not be completed for
D,VO veal's.

The Ottice will review proposed private launch site operations on an ad kin basis rely-

ing, as an interim measure, on existing government launch experlisc, experience, and sa['t'-

ty practices as references. In this way reviews will be conducted thor<mghlv and within the

slaltltory lime limits even lllough there ave not now ptfl)lished standards Io guide titres

planning to conduc! private launch site operations. Indeed, such standards carom! be pro-

mulgated ttnlil adequate data and analysis has been assembled to stq)port a mlemaki,lg.

Any rulemaking initiated in the near-term on private launch site operations will focus

on regulatory poll 0, issues; that is, the appropriale approach the ()[|ice should take in

developing policies and procedures [or licensing commercial latmch site operations.

Thus, both review of private launch site operation proposals and pre-rulemaking notice

and comment activity focused <m licensing issues can he conducted concurrently with

ongoing satiqy research. Further, ahhough tim entire safely research effi)rt lllav take two

years to complete, individual studies will be completed throughout thai period, some with-
in the next six months to a yean The results of these studies will fi)rm tilt: basis for the

Office's basic technical capability, including satiety evaluation criteria and a data base [ov

[]lltll'e sal_,_ly standards. It should be noted II1;11 sa[(qy research is a COlllilltlillg alld critical

component of every safety regulatory program, as demonstrated t)y the extensive on-going
research and analysis conducted by other constitttent agencies of the Department o1

Transportation, such an the Federal Aviation Administration or the National l lighway
Traffic SaRqy Administration.

in Ihe area of worker sale'ty, the (]olnnlitlee suggested thai lheYe ix no need Io dupli-

cate the requirements of the Departmen! of I_ahor's Occupalional Safety and Health
Administralion (()SHA) which would apply to worker safkqv in tilt" context of licensed

la/mch activities. The ()!lice has no intention of doing so. Tile Act gives the Office com-

prehensive safety authority tor commercial launch operations, thus raising an issue con-

cerning concttHen! authority in this area. As in other areas where there is concurrent

safety aulhorily, such an aviation, there is a question concerning the more at)propviate
approach to safety, OSHA's ov lhat o[ the agency wilh primary authority fro the activity

involw'd. ,-\1 this lime, the ()ttice will not develop salkely requirements forlhe specific put _-

pose of protecting workers inw)lved in commercial humch operations. OSHA require-
recurs will apply to these activities until the Office and OSHA determine that it is

appropriate to do otherwise.

The (;ommittee also suggested that the Office prescribe a torma! [or required inf<w-

marion and use [orms where appropriate. Although lille Of|ice has 11o[ ruled Ollt adoption
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of a required format at some thture time, it continues to believe that, for the time heing,

atlplicants should organize required int;m-matiou in a manner that rellects the organiza-
tion of their sati'ty operations. In order to encourage innovation, the Office has tried to

accord applicants maximum tlexibility and to emphasize content, rather than torm. The

information requested was identified and organized in close cooperation with NASA and

the approach was discussed informally with launch companies befi)re rulemaking was ini-

tiated. They all supported our approach then and, in [11007] their tormal comments on

lhc rule, have continued to do so.

Widl regard to license l_es, the Committee favors incorporating such fees in the reg-
ulations to coww the costs associated with processing applications. The Department

strongly supports user fees in all transportation modes. Tile Office intends to consider

estahlishing reasonable fees for licensing processing, balancing the desirability of reason-

ahle fees with its responsihilitv to encourage and promote a private launch industry.
The committee also alerted the Otfice to the need for turther clarification of some of

tile delinitions contained in tile regulations. The Otlice has made af)propriate revisions

to its definitions and these, along with other revisions, arc discussed in the section-by-

section analysis thai follows.

Section-by-Section Analysis

Part 400 -- Ba_i_ attd scope

Secti<m ,10(l.1 indicates that the commercial space transpt)rtation regulations derive

from both the Federal (;overnment+s domestic responsibilities tot commercial launch

activities as well as tile obligations it has assumed under international agreements, partic-

ularly the obligation under Article VI of the 1967 Outer Space Treaty to provide a).llho-

rization and continuing supervision tor such activities.

Section 400.2 specifies the launch activities tor which the regulations provide guid-
ance: all United States launch activities except amateur rocket activities and the launch

activities of tilt" United States (;overnment. :_s the Office stated in its initial policy state-

ment on licensing, its licensing policies aud procedures have been deveh)ped primaril}`,

tor the private commercial launch activities that are currently being proposed: colnlnel-

cial expendable launch vehicle (EIN) launches. Howcwq, consistent with the legislative
histolw ¢)t the Act, tire Office's regulatol T guidance also provides adequate supervision [or
anv olher into-Federal launch activity. Thus, launch activities tailing within the scope of

tht _ Oll]ce's autho,-itv may include activities conducted for experimental, developmental,

or research pu,poses as well as those conducted without any apparent profit motive.
At the same time, neither the Act nor its legislative histo W evinces an intention to

require licenses lot small scale rocket launches conducted tot recreational or education-

al purposes at priwtte sites. These launches, which number annually in the millions, are
curremlv subject to state and local regulation, self-regulation by the organizations spon-

soring tfiese activities, aud Federal airspace requirements. These existing guidelines and
reqtliretnenls have been etlective for purposes of protecting publk safety alld all},' other
national interest that may be associated with tilese activities.

Part 401 -- Orgmnizalion and l)efinition._

Section 4()1.1 identifies tire operating unit within the Department of Transportation

with primary responsibility for implementing the Department's authority under the Act,
tilt" ()lticc _t Commercial Space Transportation. Section 401.3 identifies the Director of

(;mnmercial Space Transportation as tile otficial within the Department to whom the
Secretary's authority lot commercial space transportation has been delegated.
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Section401.5containsdefinitionsof themajortel'IllSusedill theregulalions.The
definitionsof"launch"and"operationofalaunchsite"areintendedtoconveythecom-
plementmT,butnevertheh,ssdistinct,natureofthesetwo activities. A launch tenters on

the placement, or attempted placement, of a specitied launch vehicle and/or its payload
in a suborbital trajectm T or in space. A launch license authorizes a launch to be conduct-

ed in order to achieve certain mission objectives. The liccnse holder is legally responsible
for the proper conduct ofsutla a launch. Although a latmch license would seem to be ori-

ented toward singular events, one license could cover a specified series of launches where
the same safety resources will support several identical or similar missions.

In contrast, the operation of a launch site involves continuing <_peration at a perma-

nent location. A license covering sttch operations auth<wizt,s a ])erson to operate a launch

range facility and Io of|'('r approved services to latmth companies
The Ott]¢ e has determined tim! the inclusion of a detinition toe "commercial launch

activities" in the Interim Final Rnle was unnecessary ant[ has deleted it.

Part 404 -- IPeg,ulations and Licen_i,g_ ICequireme,_l.s

The Commercial Space l.aunch Act establishes tilt" licensing standards for commer-
cial lannth aclivities. Section 9(t)) of thc Act directs lilt" Office to isstle at license once it

has determined thai an applicant meets the requirements toe a license identilied in sec-

tion 8(a)(1) ()f the Act. These include current rctluiremenls of Federal agencies which

apt)ly specifically to Ihe launch of a launch vehi(h" ()r ol)erati(m of a launch site. If, how-

evm; the ()|lice determitles, in consultation with lh(' appropt+iate agencies, that any such

Federal retluirement is not neetlr(t to llrotcct l)l,I)li( • sat_ctv, tilt" safety ()| properly or tile

nati(mal security an(t foreign l)olicy il/It'leSts ()t Itl(' t!nitt;(I ,_tatt's, tilell section '8(a)(2)

permits the Office to eliminate that pallictllal requirement as a requirenmut fi)r a license.

Moreover, section ,g(b) authorizes the ()ftice Io prescribe new re(tuiremcnls for c()mmer-

cial launch activities. T(lgcther these pr(Msi(ms confer broad authority upon the Ott]ce to

craft efficient rcgulalot T gala(lance with Sl)ccitic applical)ilitv to private launch activities.

If the Office wishes either to elinfinate an existing FtMeral re(luirenwnt or to pre-
scribe new ones in order t<) imf)lenletlt the pr(lvisions of lilt: Aft, a proceeding must t)e

conducted that would involve n()tite Io and comment by the pul)lic. Part 404 of the regu-

lations sets out the pr(wedures the Otlicc will follow _dlen c(mducting rulemaking pro-
ceedings and explains how interested ])arlies may parlicil)ale.

Section 8(c) of the Act gives the ()fficc discretionary attlthoritv to waive a licensing

requirement for a license applicant if lha! waiver would lie ill the" pul)lic interes! and

would not jeopardize public heahh a,M saliqy, sa[_'ly of prollerlv, or any national security

or tbreign policy interest of the United States. Part 404 also estahlishes i)rocedures toe
waiver requests by in(lividual apl)licants.

With rcgar(l to existing Fetteral reqniremcnts, thc ()flice has (leterminc(I thai the <mlv

provisions with ¢lirect applicability to private launches are those <d Part 1<)1, Suhpart C, o_f

the Federal Aviation Regulatiolls, 14 (_FR 11)1.21-25, regulating all unmanned rocket

activities. The ()ffice of (]ommercial Space Transportation and the Federal Aviation

Administration have agreetl that, henceti)rth, requirenmnts pertaining to the use of

domestic United States airspace toe c(mnnercial launch i)t,rt)oses will I)e handled by the
Office as an inlradepartnlental matter on behalf of licensees.

It shottld be llOted thai the ()ffice's safety auth<)rity extcn(Is I<) protecting workers at

contntercial launch sites. For the present, however, the Of|ice will not prescrit)e all',' st;m-
dards or requirenlents for worker safety in the context oF licensed launch activities.

htstead, the approl)riate requirenlctlts of the 1)epartment of l,abor's ()(cupational Sati'ty
and Health Athninistrati(m will apply to l)rivatcly ('o,Mucted launch activities.
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[ 11008] Part 405 -- hwe._liffation._ and En]orcement

The Office will rely on the provisions of Part 405 to ensure compliance with the terms
and conditions of licenses, Section 405.1 requires licensees to cooperate with anyone act-

ing on behalf of the Office to monitor licensed activities, ilacluding payload-related activ-
ities covered by section 6(b)(2) of the Act. Monitoring will be conducted in the least

intrusive manner possible and only for the purl)ose of determining whether such activi-

tit's conform to applicable requirentents.
Section 405.3 deals with modification, suspension or revocation of licenses. The

Office may modify a license either on its own initiative or pursuant to a request by the
licensee. All modifications must conform to the same standards, identified in the Act, thai

apl)ly to initial licenses.
Paragntph (b) of § ,i05.3 indicates that noncompliance _Jth any reqttirement al)plical)le

to a licensed activily is grounds fi)r suspension or revocation of a license. Moreover;

§ -t(15.5 lmwittes for emergency orders to hah any launch acti_iLv detrimental to national inter-

ests. while § 405.7 provides that acts of noncompliance may be punishable hy civil penalties.

With regard to the l)irector's emergency order authority, which is explicitly mandat-
ed by section 11 of the Act, the Office is aware of the concern, expressed through the

Commercial Space Transportation Advisol 3' Committee, associated with the exercise of

this attthoritv. One of the ()ffice's major goals has been to encourage and lgromote the

industry thr_)ugh carefully considered policies attd procedures designed to eliminate,

wherev_:r possible, regulatol T uncertainties. Thus, the Office wishes to emphasize that it
views the exercise of this authorily as an extraordinary measure to be relied upon in truly

el'nelgency cirfnlnstan(es.

Part 406 -- Admini.strative Review

Part 406 describes the Office's procedttres for implementing the Act's administrative

review provisions. Section 12 of the Act requires that an opportuni W fbr a hearing be

accorded persons seeking reconsideration of certain decisions made by the ()ffice.

Specifically, persons who have applied for a license may challenge a decision not to issue
a license or challenge the conditions attached to a license that has been granted. In addi-

lion, a person holding a license may dispute a decision to modity, sttspend or revoke Ihat
license or I_) issue an emergency order. Similarly, a l)ayload operator or owner may reqnesl

a review of the thcts or issues pertaixfing to a payload whose launch the Oftice has decid-

ed to prevent as may a person against whom the Office has assessed a civil penahy. In these
circumstances the Office will, if so requested, provide an opportunity tk)r an impartial

hearing on the matter at issue. Part 406 sets ottl the l)rocednres governing initiation and

conduct of such proceedings.

Part 411 -- Poll 0"

Part 411 establishes the policies of' the Office of Commercial Space Transportation for

licensing commercial launch activities, including lannches, latmch site operations, or
some comt)ination of the two activities. These policies angment Ihe general application

[nocedmes set out in Part 413 of the regulations and the launch license review procedures
contained in Part 415 of the regulations.

Section 411.3 identifies the two reviews, Salety Review and Mission Review, through

whirh the Office will evaluate proposed ELV launches. Altlmugh the Office will be resl)on-

sire to proposals inwflving manned launches, such proposals may involve isstles thai

require reviews difl'erent from or in addition to these two reviews.
In order to accord the industry both flexibility and certainly in the course of devel-

oping commercial latmch proposals, the Oflice may conduct Siiti'ty Review and Mission
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Review independent of each other and in the order, sequential or concurrent, appropri-
ale to the applicant's needs. For examl)le , an applicanl may secure approval fbr a pro-
posed mission carl)' in the planning stages of a launch aclivil,_7 and apply later for approval
of the sati'/y operations proposed Io support an aclual launcil. The record upon which to
base licensing decisions thereby can I)e developed in a man|mr that responds to lht' plan-
ning needs of applicants.

Section 411.3 also discusses requests [or licenses aulhoriziug lhe operation of commer-

cial launch sites. Editorial revisions have t)ecn made 1o lids seclion to make it clear thai this

a(:tivity is comparable t<) the Ol)eralion of a commercial airport. Ahhough a separate license
covering the operation ofa latmch sile is contc,nplated l:,v tilt' Act, the regulations were not

devel<_ped specifically tot inlplementing lilt ()[/](-c+s amhorilv in tha.l at+ca, l)evising an
approp,iate regulatol T fiamework for commcrcial launch silv"operations involves caretul

consideration of a wide range of complex issues, particularly those relating to requirements

or standards tor im|:,lementing the ()flic,.:'s safi.'ly aulhorit{ _.The Office has begun invesli-

gating these issues as part of its compreheusive r,t:scarch an'd analysis progFam.

At the same time, lhe Office has receivcd a numt_er of inqlmiies eXl:,ressing inlelesl ill

eslablishing permawent commercial Im,uch sites and wishes Io be rcsponsb.,e to any pro-
posal [ha.l ln::ly be subnlitted in lhe near fulure. In order Io (Io so, the Office will rely on

its Nal'ety Review process, discussed helow, its an apl)rC)Fu-iate general framework 10r h;dli-

at|rig all assesslncnt ot connnercial humch sile proposals.

Seclion 411.5 addresses saf>ty ap|)roval, ore' of two approvals an applicant mtlsl

st!ctlre ill orcter to 1)e granted a licens,p. At |)rest'hi lhere are I1O sat'elY standards or requirt.-
II/(!lllS that have been developed sperificallv lot commercial launch activities. Theretore,
pending completion of eftorts to develop ihcse standards and requirements, the ()ftice
will make case-t)y-case determinalions rcgardiug satbly operations ihat commercial firms

prolmSe m conducl themselves. The ()ffice will supl)lemenl [he resources availabh, to it,

whvn necessary or appropriale, I)v relying on the experiencv and expertise of olher
Fe(teral agencies. Minor edilorial (t{anges have I)een ltlade I<) this section ill lilt' liual rule.

Secti(m 411.7 discusses mission approval. This is lhe other approval which must 1)e
secured in or(ler Io, an applicant to I)e gral,ted a laun(h liceuse. The ()ttice musl assess
proposed missious fron_ the standpoint ()f both the national inlcvesls and inlernatio,ml
ohligali<ms of the Uniled States. The review will encompass such thcmrs as the nature and

DUrDOsC of the proposed payload, the impact of Ihc payload on cxisling uses of space, and
Ihe 1)roposed flight plan.

With specificregard to uational securityand Ibreign policy inleresls,lhc Office is

required to consuh wilh the Deparlmenls (_t l)etbnse and Slat{,, the l':xeculive Branch

agencies with primary responsibility for safeguarding U.S. national security and [oreign

policy inl,:.!rests, respeclively. The Office llltlSl ellstlre Ihal tiles,:.: agencies are apprisvd of
potential ¢:ommcrcial launch activities in order for their views to 1)e taken iuto accOtllll.

The Office wishes to emphasize again thal, as a general mattm; (:<regress has declared pri-
vately condtlcted conlnlercial Iauiiches 1o bc collsistellt wilh Ihc nati<mal sectlrilv and fi)r-

eign policy inleresls of the l.Tnile(I Slales. The ()fficc tiHIv rccogni;,es thai Ihe commercial

viabilily of t)rovi<titlg such services on a r<)ulinc basis rcqui]es [ 110091 that review of pro-
posed missions uot t:,e encuml)ered t)v unneoessa,-v pr<>ccss. Tlvm+cfc, re, the ()fficc will

seek to Merit|t},, specific problems asso_'iated with a 'f)rOl)ose(l mission, rtot seek to del,pr-
mine de novo that eac:h launch proposal is cons|sit.hi wilh l_Tnit,pd Slates interests.

Howevcl; tile Oftice has revised ._ 411.7 of lhe regulations to correct any impression
crealed iu lhc Interim Rule that the Office was esml)lishing an evidenliarv standard |or
adverse licensing decisions lhal is higher Ihan or dit]iqenl tiom thal set fb_:lh ivl the Acl.

The mission of most proposed orhital lauuches will be to place a payload in space.
Thus, lhe most signiticanl parl of lhc ()ffice's review of prol)osed missions will perlain Io
the payload Io be laurie:heal. The Olfice wishes Io claril_, the naltnre and scope ofits author-
it,, with rc!garcl Io payloads launched t)y commercial hmnch lh.ms. A launch license issuecl
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tw tile Office authorizes the licensee to launch a launch vehicle and any payload to be car-

ried by tile launch vehicle. In order to authorize a launch inw)l_Sng a payload, the Office

must first identi_ the nature of dae payload to be launched. This identification is necessaQ"
in order for the Office to determine how to proceed, in practical terms, with a re,Sew of a

proposed mission. There are two general options: (1) The payload the applicant proposes
to launcla is identified as one which is subject to existing payload regulation. At present, this

category includes only telecommunications satellites licensed by the Federal
Communications Commission (FCC) and remote-sensing satellites licensed hy the National

Oceanic and Atmospheric Administration of the Department of Commerce (NOAA). (2)

The payload the applicant proposes to launch is identified as one which is not subject to
existing payload regulation. Only for this latter category will the Office initiate a rex4ew, pur-

suant to its anthori W under section 6(b) (2) of the Act, in order to determine that the pro-

posed launch of the payload will not jeopardize public heahh and safeD', safety of property
or any national security of foreign policy interest of the United States. The Office does not

comt_tct such a rex_iew tbr any payload tl/at requries [sic] either an FCC or NOAA license to

launch or operate. Rather, pursuant to section 6(b)(1) of the Act, the Office simply requires

that the appropriate license be secured before the payload can be launched. The Office wfill

not examine any issues perlaining to payloads licensed by the FCC or N()AA before license

application is nlade to either of Ihose agencies or during the pendency of any review of a

license application at either agency. Nor will the ()ffice re-examine any matter associated

with a payload thai was Or could t{ave been subject to FC(_ or NOAA rexfew during their

respective licensing processes. In order to eliminate any lingering ambiguities in this area,

the policies and procedures in the regulations pertaining to proposed missions have been
revised or clarified, as appropriate. It should be noted, however, lhat in the course of Satk'_'

Re,few the Office _11 seek to ascertain whether all applicanus possess the requisite resources

and expertise to conduct safely any planned payload-related operations _s part of the

process whereby a launch vehicle is prepared and launched.
Payloads that are subject to review by the Office reader section 6(b)(2) of the Act

include all domestic payloads not presently regulated by the FCC or NOAA and all foreign

payloads. The Office is authorized to determine whether the launch of any such payload
would jeopardize I)ublic safety, salk:ty of prol)erty, or any national security or foreign poli-

cy interest of the United State's. If necessa_', the Office may act to prevent the launch of

the payload in question./ks it has done in other areas, the Office has molded its policies

and procedures carelidly in this area st) that legitimate Federal interests associated with

proposed launches of these payloads are not served at the unnecessat T expense of com-

mercial space enterprise. Thus, the Otfice will exe_rcise its attthority under section 6(b) (2)
in a manner that minimizes regulatory uncertainties fi)r those planning or sponsoring

new space applications and missions involving foreign payloads.
Section 411.9 discusses the inlbnnation the Office _11 require applicants to submit in

order It initiate review of applications. The Office's approach to this infi)rmation corre-

sponds to its goal of fostering reliable, low-cost commercial space transportation services.
The Ottice's information requirements have been organized intentionally into general cate-

gories that ictentit3, the basic information needed to initiate an appropriate review, t lowever,

although all the requested data must he prox4ded lot an application to be considered com-

plete, the Ottice has not prescrihed any particular [_,Hlllal t_l snt)mitling it. Because com-
ll/ercial firnls nay develop new al)proaches to the design of launch vehicles, the delivel T of
lattnch selwices, t;r the location and organization of latmch operations, information submis-

sions may reflect the tmique structure or organization of their latmch operations.
The'Office has made a number of changes to the intormation requirements identi-

fied in the Interim Rule. The Office expects to continue refining these requirements

based on the products of its research program and consultations with other agencies, as
well as formal and informal interaction with the commercial space industry. Therefore,

the Office has concluded that this information shouht not be included in its pul_lished
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regulations. St) that prospective applicants are assured of having ready access to tile most

Ctlrrelll alld accurate version of tile Office's inti)rmation requirements, they will be set out

ill a separat(_ (loctllllellt thai will be available upon reqllest. The [irst stlch w.'rsion ()f tile

Otticc's intbrmation requirements is published as an appendix to this preamble.

Part 413 -- Applications

Part 413 sets out general license application procedures. These procedures apply to

all commercial launch activities, regardless of whether an applicant seeks a license to

launch a vehicle, operale a launch sit(., or for a combination of tile two. The application
procedures in Part 413 are supplemented by the provisions of Part 415, which contains a

detailett description of tile review procedures for latmch license applications. A separate
part has been reserved |or thture regulations addressing applications tot licenses autho-
rizing launch site operations.

Since tile nature (>t"a proposed launch activity altbcts the liming and scope of tile

Otfice's review, as well as the degree to which olfier Federal agencies will be involved,

,_ 413.3 encourages prospective applicants to initiate preapl)lication consultations with the
()Mce of (:ommercial Space Transporation [sic].

Section 413.7 contains revised proct'dures lot handling confidential inli)rmation.

These revisions have been made Io ln-ing this section into contiwmitv with section 9(c) of

the :\ct, which directs that certain int_)rnlalion provid(!(l to the olli((i' 1)V applicants not I)e

disch)scd unless tile Se(TCIa[)' determines that withholding such infb(mation is COlltralw
to the l)t,t)lic or national interest.

Section 413.9 outlines the process tot reviewing all applications. Section 413.9(a) has

l)et'n amt'ntlcd to indicate that intormalion required to initiate a review of an application

is availahle upon request. [11010] Section 413.9(b) states that an application is accepted
1or review by the Director if it is suhstantiallv complete; that is, if it (<retains sufticient infor-

mation tot a meaningtifl review. Once an al")plication is accepted tov review, § 4119(d) indi-

cates that the Director will initiate an apl)ropriate interagency review. The ()ftice, not the

apl)licant, will assume tile burden of shepherding the application through the review
process. Additionally, the retiwence in ._ 413.9(d) to an "appropriate" review is intended to

make clear that the administrative response to an aj)plication may not he standard or uni-

tovm in all circumstances; the Ottice has taken great care to insurtr [sic] that each review is

tailored to the application's particular characteristics. In this fashion, the Ollice intends to

avoid ally unnecessat-}, regulatory stumbling blocks to propt_sed lattnch activities.

Section 413.9(e) indicates that a (teternfination on a license application will t)e made
within 18(1 days ()1 receipt. As a matter of policy, however, tilt, ()ffi(e intends to conduct

all application reviews on an expedited basis and anticipates that IllOst determinations will
I)c made well beti)re this statutory deadline.

All licenses issued will contain terms defining the activity authorized by the license

and the pers<m responsihh, ti)r conducting thai activity. In +'tddition, conditions will he

incorporated into all licenses to ensure compliance with statutory and regltlatorv require-
ments. Section 413.15 addresses certain standard conditions, in'(luding the ne('d tor an
on-site mechanism to verit}' that the licensed activity conlbrms to inti)rmation that was sub-

mitted to and reviewed by the Oftice during the application review process.

Section 413.17 indicates lhal a license authorizing a launch activity is separate [tom

the license reqttired tin any satellite to he launched. The Act preserves the ('xisting

altthorily of Federal agencies with prinaarv responsibility 1or payload regulation. At pre-
sent, this includes only the FCC and NO+(& which are responsible tbr licensing telecom-

munications and remote sensing satellites, respectively. Thus, issuance of a launch license
has no eltk.ct on the exclusive authority of tit(, FCC or N()AA to license such satellites or
tile services provided by them.
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Section 413.19 estahlishes tilt' applicant's responsibility for the cominuing accuracy of

information submitted as part of an application review.

Part 415 -- Launch Licen,_es

Pro1 415 establishes procedures fi)r reviewing latmch license applications and the gen-

eral standards for approving such applications. The provisions of this part apply only 1o

prospective launch license applications and should be read together with the general

application procedures in Part 413. A furore regulatory proposal addressing commercial
launch site operations will establish procedures and standards specitically tot license

applicants seeking authorization [or that activity in a separate part.
Seclion 415.!{ identities the proposed launch activities thai will require a launch

license. Any person proposing to latmch from U.S. territory must obtain a license autho-

rizing the lmmch. A U.S. citizen proposing to launch from U.S. territory or from interna-
tional lerrilolw must also obtain such a license, unless (in the case of launches troln

international territorv) another nation has agreed to exercise jurisdiction over the ]mmch.

Foreign corporations, partnerships, joint ventures, associations or other entities con-
trolled bv U.S. cilizens do not need licenses to conduc! a latmch fiom toreign territol 7,

unless the" ti_reign nation involved has agreed Ihal lhe II.S. shall exercise jurisdiction over

the launch.
Setlion 415.5 identities the two approvals thal lnl.lSt be sectlrt.?d ill ordel- liH a lallllC]l

license to be issued: sati'ty approval and mission apl)roval. Safety Review and Mission

Review art" conducted to determine whether these approvals can, in tacl, be given. ()rice

sect|red, 11o other al)ploval is required from tile ()tlice in order Ira an applicant to be

granted a license li)r an EI,V launch.
The Office will accept applications for Silt'ely Review, Mission Review, or tier a delermi-

nation that the launch of a payload covered by section 6(t)) (2) of the Act will not be pre-

vented, independen! of one another and betore stthmission of an application for a license,
Section 415.7 makes clear Ihat row' approval or determination matte on such applications

will be made [)arl of a licensing re,cord. Thus, when till applicant does apply li)r a Immch

license, any al)proval or deiernlilmiion previously made that relates to the activily tor which

a license is sought remains valid. The ()[tice will not duplicate a relevant review as long as

no material changes have been made ill lllalters previously reviewed and approved.
Section 415.9 identifies standard condilions for launch licenses. One o1 Ihese is st:cur-

ing lhird-party liability insurance coverage. In exercising its authority ill this area, the
Of lice will be h)oking io set required insurance illllOl.lnts that accurately reflec! 111c poten-

tim losses associated with launch failures. The Office has begun several smdics to deler-

mine what these amounts should be, For the lime being, the Oftice will prescribe

instnance requirenlents lor each licensed acfivilv on a case-by-case basis.

The tinal regulations include a new provision, ._ 415.10, which sets _)ut Fetllliremellts

pertaining to the iegistralion of obje('ls launched illio Sllate.
Subpart B of Part 415 ti)ctlSCS on Sati'tV Review. Section 415.13 identities tile mlljm

elelllelllS o1 Sali'lv Review: the pr_)posed lm,nch site, ])roct-dttles, personncl lind equip-

lllellt. Section 41 f).15 notities apl)licants that Safety Review can 1)e requesle(t (glher as part

of lh(" license request or |)eli)re a license reques! is submitted. This provision responds Io

the need some [)rospective licensees may have for explicit approval of their sali'ty opera-

lions at an early planning stage.
Section 415.17 of tile interim regulations set out the intm-mation requiremenls ti)r

Sal?'tv Review applieanls. This section has been deleted. The inti)rmation currenlly

required for a Sati'tv Review is contained in the appendix to this preamble, h should be
lloted that launches from sites with l)re-approvect sati'tv operations will be treated dif[i_'l--

entlv fr<ml those occtuing [sicl at other sites. At prescJ;t, the only sites with pre-approved
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sat_'tyoperationsareFederallaunchranges.Ill tilefllture,thiscategotTwouldalso include
conlmercial launch sites operated under the authority of a license issued bv tile Oitice.

SubparI C of Part 415 focuses on Mission Review. Section 415.23 states thai for Mission

Review, as for Satety Review, applicants may request approval either as part of a license

request or before such a request is ulade. Sections 415.25 and 415.27 of the inter!hi reg-

ttlations set out tile informatitm lequiretnents for applicants seeking mission review or a
determinations [sic] on a payh)ad not reguhlled by F(:C <)r NOAA. These sections have

been deleted, lnfornlation required for Mission Review, inchlding information pertainhlg

to payloads that are not regulated by the FCC of N(),_&, is set torth ill the appendix of
this preambh?. Tile ll;.tltll't" c,f tile proposed mission will attecl bolh tile nature and the

quantity of infi)rnlation needed by the ()flice to conducl !Is review. For [ 11011 ] proposals
which involve licensed payloads, tht' payload rt'qtfirelnenls of Mission Review will be sails-

tied by tile issuance of a license by tile responsit)le Federal agency. Proposals involving

other kinds of domestic ])ayloatis or toreign payloads musl lie acconlpanied by nlore

extensive int_)rnlation, retleciing the more extensive i-eview such proposals Intlsl receive
from lilt" ()ttice.

Sut)part I) of I);ul 41,5 i(hmtilies circunlslances wherein applicants may be required to

sul)mil intolmation to the ()ftice as part of Satelv Review, Mission Review, (), t)oth, in

order It) satist_' lilt' v('quirenlents of Ill(' National F+l'lvivonmental Policy Act. This intolma-

tion will be needed when some element of a prol)osal is not covered or addressed I)y exist-
ing envir(mmental docunwntation on the eftk'cts of launch activities.

Executive Order 12291, Regulatory Flexibility Act, and Paperwork Reduction Act

The interim regulations wele evaluated under Executive Order [E.O.] 12291, "Federal

Regulation," dated Fel)rual T 17, 1981, and tilt' l)el)artnmnt ot +Transl)ortation's Regulatory
l'olicies and Procedures, daled Fet)ruary 26,1979. The regulations were nol considered t(_)

be "m:!i()r," as detined by E.O. 12291, 1)ecause they will uol have an annual cost inlpa(l
exceeding $100 million; Ill('), will not cause a major increase ill costs or l)rices tor con-

stuners, individual industries, govermnenl ageucies, or regions; and they will nol have a sig-

niticant adverse impacl on competition, employment, investment, productivity, innovati(m
or on till" ability of United States-based enterprises to compete wilh toreign-based enler-

prises ill d.mestic or exp()rl nlarkets. The regulati<ms were considered to be "significant" as
dethled by tile Department's Regulatol T Policies and Procedures t)ecause of the novelty ()t

space transportation as a private seclor activity, the interest of the publi(" and other Fed('ral

agencies, and tilt: (!ttk'(l ()f Ihe regulations on tilt' conq)eiitive position of United St;tles

1attach tiNns. The Ottice prepared a Regulaa()l 7, l(valtmti{m It) a{t(mll)anv the inlerim reg-

ulad(nls, which was made availat)le fo,- put)lie review and conmlent ill the i-ulemaking all)ok-
el. Sill((" the tinal regulations are nt)l nlatefially difl'erent flom the interim ones, the ()ttice

consi(lers all regulal<ny analysis prepared for the interim regulations to be applical)le It) It/{"
tinal ones. The regulations are largely procedural in namre and are intended to el!hi!hate

regular()( 3' {)tlslacles to private launch Ih'ins, large ov small. Small enlities are likely IO tie

involved in launch activities and, as a (<)use{luence , affected I)y the regulations.

I'll,:' regulations do n()l impose sign!illan! ec(momic costs on them. Therelore, it is

certitie(t lha! the regulations will not have a sign!titan! economic impact ()ll a sut)smn!ial
nunlbev of small entities.

National Environmental Policy Act

[he ()tiice completed all environmenlal assessment of tile conunercial space trans-

portation l)vogva,n and made the assessment availal)le for public insl)ection and com-

[llelll. The pr()grammati( ass('SSlll(!lll did llOl ith,ntit_,: :my significant impacts that lilt'
COllducl (if colllnl('fcia] lauilch activilies would ha_'t' {)11 the htlinan cnvironlneill.
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However, certain factors associated with individual launch proposals were not addressed

ill the assessment and may require further re_iew during tile licensing process. These

include use of new propellants, new site development, or environmental effects associat-

ed with some payloads in the event of a launch accident. Copies of the assessment may be

requested flom: Office of Commercial Space Transportation, _50, Washington, I)C
20590. Based on the assessment and c<mmlents received on it, the Office published a tind-

ing of No Signiticant hnpact in the Federal Register on November 19, 1986.

List of Subjects in 14 CFR Parts 400, 401, 404, 405, 406, 411,413, 415

Administrative practice and procedure, Space transportation and exploration.

(Commercial Space launch Act of 1984, Pub. I+ 98-575, October 30, 1984)

Issued in Washington, DC, on March 24, 1988.

Courtney A. Stadd,

l)irectm; O[fiee of Cmnmercial Space 7}+mspmtatiom

Document 111-23

Document title: Samuel Skinner, Secretary of Transportation, Letter to Member of

Congress transmitting a study by the Office of Commercial Space Transportation on the

scheduling of commercial launch operations at Government launch sites, June 1, 1989,
with attached: "Executive Summary," pp. ill-vii.

Source: Office of Commercial Space Transportation, Department of Transportation,

Washington, D.C.

One issue O/conrern to both the U.S. commercial ._pace tran._portatioa indu_tr)' and it._potential cus-
tomtqs was the conditions under which a _ommereial launch wouM be ._cheduled, kriven that it was

u._it_g govet_nlent-owned launch fiwilities. One cmtcern was that a KoveT_tment launch e'oubt preempt
a scheduled commercial launch; such a delay couM be co.stir to the commeTrial launch custome*:

Reflecting this concern, Congress included in ttte Corn inertial S]mce Launch Act Amendments of 1988

a requi_rment that the Department of Transportation study the issues associated with launch sched-
uling to minimize the chances Of preemption and other undesirable action.s. Below is the standard let-

ter 7}-ansportation Secwtm)' Samuel Skinner sel_t to members q/ Conffre,gs, abmg with Ibm.executive

summa U o[ tbe study rq)ort.

THE SECRETARY OF TRANSPORTATION
WASHINGTON, D.C. 20590

June 1, 1989

Dear Member of Congress:

1 am pleased to suhmit to you this study by the ()ffice of Commercial Space

Transportatio,l [OCST] on the scheduling of commercial hmnch operations al
(;overnment launch sites. The study, mandated by Congress in Section 8 of the 1988

Amendments to the Commercial Space Launch Act, focuses on tire best means of assur-

ing efficient and commercially reasonable access of private sector launch companies to

available lattnch site property ;tnd resources.
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Tileschedulingprocessat(;overnnmntlaunchsitesisdesignedtocopewithmuhiple
userdemandsill adynamicenvironment.Contliclsbetweenmilitary,civil,andeolnnler-
cialusersof launchsiteresourcescananddooccur.Significantly,however,tile ()(;ST

study team found that the principal fear among customers of L!nited States commercial

launch providers--thai of preemption of a scheduled commercial launch by a milital T
mission--is highly unlikely to occm: Ill fact, both the Secretaries of Defense and

Transportation must concur in such an unlikely event.

The emergence of a new commercial sector has been ctmracterized by rapidly esca at-

ing demands fi_r sere'ices and by the tornmtion of new working relationships. Inevitably

probhmls develop that may impede the smooth thnctioning of cotmnercial operations.

Some of these problems are transitional ill naltlre, but others lilly require corrective
actions. The study |cam was able to identit}, several approaches that could improve tile abil-

ity of launch companies to compete more etlectively in the international market. These

approaches would supl)ort the conunitmenl of (;overmnent agencies to make signiticant

efforts to meet tile reqtlirements of <:ommercial interests in tile hest manner possible.

The United States private sector has the capat)ility and entrepreneurial spirit needed

to expand its role as a major competitor in the world commercial space launch market.

The econonlic, technological, scientific, tbreign policy, an<l national security benefits the
Nation would reap from this achievenlent are great. It is our intent thai the intbrmation

contained in this study provide tile basis tot c<mtinued constructive public policy-making
to enhance tile co,unercial enviromnent for tile launch industry.

Sincerely;

Samuel K. Skinuer

gg@**@#@@@

[iiil EXECUTIVE SUMMARY

Background

Since 1983 the U.S. government has encouraged tile development of a privately-

owned, c<nnmercial space latmch itl<lustl T. This industry has been especially iml)°rtant

since 1986 when, in the wake of the loss of tile Challenger, many c<nnnmrcial t)ayloa<ts

(consisting primarily of conmnmications satellites and oecasi<m;dly industrial manutac-
turing experiments) reqttired commercial latmch services.

(hu'rently commercial space launch companies provide launch vehicles and the tech-

nical sllpl)orl ilecessarv to operate theD1, all(l contract tron_ Ill(' g()verlllllell[ tile use of

national launch ranges, similar to other lbnns of transportation which rely on govern-

ment-fun(led infrastructure. (]onnnercial firlns will continue to depen(t on government-

operate(l ranges regardless of whether private sites are t)tlilt, and even private launch sites

will l)robat)ly use such gove,'nnlent range assets as tracking and telemetry systems. A:s a

result, tile ability of U.S. launch companies to compete in the world marl(elwill depend

heavily on tile ahility of tile national ranges to respond to their needs.

The comntercial space launch industQ' is highly competitive, and the difterenot.

between a winning and a losing bid in the competition for a launch contract can be extra-

ordinarily slim. If U.S. launch companies are ttnable to he tully responsive to the needs of

their payload customers, these CtlStOiilers have ample opportmlity to take their business

elsewhere. The French Ariane program ahea(ty launches more than half of all orhital

comntercial payloads, and additional competition is appearing or is expected to appear
from (',hina and other fineign countries.
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The inain tin(or guiding tile decision of a payload owner ill the selection of a launch

colnpaily are price, the ability to launch a payhmd al a desired time and on schedule, and

launch vehicle performance mid reliability. While U.S. vehicles are well-poised to coinpete in

terms of their perfolmance and reliability, payload companies have said thai U.S. firnls are in

a less strong position on responsiveness m customer launch dine requirements. Cusmmefs

arc also concerned about the effect of using national launch ranges on launch seiMce price.

Delayed launches are very expensive--depending on a coinpaiLv's situation, each

lnonlh's (telay in the use of a comlilunications satellite call {:,)st the owner of tile satellite

froill hundleds of thousands to illoie than a in)Ilion dollars in expenses illi(l test revelltie.

Tileretiire, the scheduling of launches alld use of tacilities i-it U.S. ranges is crilical to lilt

success of the U.S. conunercial launch industlw. Although launch con)panics can take

steps to inll)fove iheii conlpetitiveness, tile effl'ctiveness of these ineasuies will depend

greatly on tile support they receive froni the national ranges.

Purpose and Scope of the Study

During heafings leading to passage of tile Conlmercial St)ace LallllCh t\cl

)lnlendinenls of 1988, several Menlhefs of (]oilgress and witnesses i'epresenliilg the coni-

nlercial space industl T expressed the)i COilCelll that private launch |]Fins Ilia)' eiicotlnlel

dittlculties ill USilig govefllillenl-owned rallges. With this in in)nit, Section lg of lilt" Act

direci('d the .qecreliti"_, ' of l'ralispoi'tation (in coopeialioli witll the Secrelary of l)efense

illl(I i\dlllilliSilalOl </IN/\SA) to sllldy wa}s alld lileill/S olsthedil]ill_ gOVel-illllelll alld COlll-

niercial launches ill ilalional tallgt's "in a lnalillCi lh_il would liiake lile I)esl placlicahlc use

o[ [.,_. launcll i)io])erlv aiid assliles ilial tile [:.S. lauiicii ])ropeiiy avaiiat/le foi COililliel-

cial list' is availahle ,)11 a c(inunercially ieas()llal)]u basis."

1'o respolid Io itlis directive, the Otfice of( ]Ollllilercial Space TraliSl)Ollali<lll (()(]S'l')

lias lilel with lilt' of)elalors of the ilalil)na] railges, co)ill)allieS lllal f)rovide laulicli services,

and lilt" CllSlOlllel's lthil IlSe these services. ()n the I)asis of iilese illeelillgS and dOClllllCIl-

,alien i)rovided io llle ()tilte, ()(]ST has:

• Identilie(I the t)olicies alld pr()ct'(hlles lallgt" o])t'lit+lOlS follow to stheal(lie [atlnches

• l)t.lefillillt'd tit(" exlelil to whic]l illese policies aiid f)lOCedures provide a sched-

ulillg syslelll lhal is equitable 1o COllillieicial ilSels o[ _,ovel-lllllel/I iilllgt's

• DoctllllClllt'd the ability of govt!flllllellt-tiwlled i-allges lo respond lo lilt" Ieqilile-

ii/elltS ,it commercial launch lit-illS

• Identified illeasllies thai would ensure the t)esl pi-aciicahle ilse o| t._,ovellilneill -

owned launch ]lropei'ly and el)sure lhai ltlis i)roi)t'liy is inade availahle ,ill a conl-

Illercia[1v reasoliahle hasis

lit CalTving oul its study, OCS'I- tTolii/d ,hal tile inosl signit]calli "ways aild inca)Is" llial

atte(l laulicll [iv] scheduling at nat)ella] ialiges are Not lilt! iauncti st ltl_duliIltr l)rocedtlles

used i)y the fanges, hut rather wirious f_ictors lllal alfecl these proceduies. [iuis, ()(]S'["

ft)Cllsed ()It tht!se i{iclors.

Because of its iinporiance t{i coinineicia] launcti operations, lilt" study lOci)seal on

ot)t,i-aliOllS at lilt! l_]asiein Space and Missih" (]t'lilt'i + (E._M(]) and ass<ttialt'd St'lvices illo-

vided by the )leaf bY Keilned.'¢ Space (]eiilei {KS(]). (At)proxinialely nilie-lellths of coni-

liiefcial'launches al(l currently scheduled to oligiiiate fro)it I_]SM(].) ()(]ST did, Iloxvevei'+

ask otilei" Iallge t)peYatols l,) provide written lesponses to a series of questions concerning

lall_e plocedtlres ail(I opel'aliens. The ieSl)onses did 11oi Stl_est sigi/il]calil iiicoiisislen-

ties helween coiiditions attTc'cliiig launch scheduling at ESM(] and those at ethel ialiges

(although interaction between colnniefcial launch COlii])anies and these olher ranges |)as

oCClliTed till a iliilch lnoit" lhnited scale lo date).



l']xl'I ()RIN(; 1111,1 [[NKN()WN 4.{)_4

Key Findings

It is inl[)orlant Io hole that the rclalionship between operators and connncrcial users

of national ranges is still rchllivcly new, and Ihc details of nlany procedures, mclhods, and

rcsponsilfilitit,s have had to bc dcthlcd. It is also important Io nolo tim cnviionmcnt ill

which thcsc relationships had to bc developed. The rapid growth in dcmand for com-

mercial launch services was largcly uncxpccic<l anti f¢llh>wcd a period when most cxpc,ts

and governnlenl o[ficials cxpecicd tile Spacc Shulllc would 1)c the p,imarv U.S. space

launch system. U.S. capabilities to operate cxpcndal>lc launch vchiclcs wcre allowed io

decline, so both tile launch ranges and tilt' connncrcial launch [irlns hitvc had to CXl)cnd

<onsidcrablc labor and capital to reverse l]lc trl'nd.

()(;ST believes t]lal _>/)VellllllCllt l'ililgl" o])cl+alol+s ai-c altClnl)ling Io i)rovide services lo

COmlllelcial lallnch collil)aliiCs ill ihc liesl illaliileY possible. Xcvcrlheless, whai is "c()ni-

inerciallv rcasonal)lc" niay ultinlalclv depend ()11 what (llStOlllClS--ili lhis case, [)avloa/I

owncrs--t)clievc bcsl nlccts their nccds, gi'_cn lhc alternatives thai are available in a high-

ly conlpctilivc niarkct. ()(;,'ST was at)h, Io idcnlit\, several al)proaches Ihal conld inilirovc

the abilily of U.S. launch conliianics to conlpclc _ili/t dcnionslialc lhc conlmilnlenl ofgov-

t'rilllicill age|if'its Io lhc colilmcrcial Cllviioliml, lil rcqiiilcil lly payload OWllers.

Mor('ovt, r, ()(]ST |Tiund thai, all lllillgh (ellain C]lall_t's ill piili<'ies alld procodlucs

could inlprovc |tie coililllCr('ial CllVii'()lillil'lll al <_(/vl?rlilnelil lall_es, Iinlilalions in lhc

physical l)lani at the lall_{!s would COlltillllC Io plt'SClll a plOt)]Clll t_)l Iht' COlllpeliliVCllCSs

of COlllmCl'cial IISCI'S. Thcrc is it class of schcdtlic slipt)agcs which lcnlaills oulsidc tilt"

iinnledialc conlrol of tile rallgC operators; historically, Illosl slippages in laullch dales ]laVt'

t)ccii lhc rcsilll of delays in the prt'paralion of a laullch vehicle or a payload, or of sySlCln

Slallddowlis, which ]lave then rcsuhcd in other vchicles 1)cing <lclilvcd.

Ftlc nl_!ior t{tciors IOilCCrllili_ schc<hiling al _ovclilillOlll lan_,s lhal attbct ihc COlii-

pctilivcncss of tr.S. launch conll)aiiies inchidc lilt! t<)llowing:

1. The availability and capacity of launch pads.

"File single nlosl significant tactor i<msiraining the capacity of govcrnnlcnl laluich

laiigcs CiliTClllly is the Iinlilcd IlUliit)t'i of ]allliCii pads that arc avaihil)lc. ()ltlcr issues,

such its lhc ncc<l to Sllal'e facilitics willl gOVellllllCllt nlissions or lilt" inlpacl of delays <)l/

commercial ]itllllC|l schedules, would t)c lllllch less sigilitlcalll if addilional laullch'iiads
wcre available.

(]tllTelllly I';SM(] o[)ciales six EI.V palls at Cape (]alla/Cl'al Air Force Slatioll ((](;AFS)

tT>r orl)ilal Inissions. Mosl of these |)ads aFt' ftlllV booked t_)l" file llCXt several years. These
pads would provide lhc capacity required I_li- Ih_" nUlnbcr of launches ciirrt'ntiv schcdilh,d

tiir l_]SM(; if all Ol)Cralions look place as planned, l ]owevcr, conlplicalions alld delays ill

lhe picpalaliOll ofa ]aliliCh vchiclc oil l|ic pad al'e qllilC coililliOll, alid ('all delay ]alCl"lllis-

sions schcdulcd to use lhe pad. Del)ciidin g on the lenglh _lt the delay, it is p_Jssiblc thai

till" el:[i;:l.'ls o|" Ill{: scilcdtlle slippage could cXtclld liver scvcl'al Silt)SCqll_-nl Iliissic, ns.

SOIIIC Ot" tile faclors that cause on-pad delays inch|tic:

• []ardwarc prot)lcms, inchiding lest anonlalics in the launch vehicle or pavhmd
while t)cing prepared for laulic]l Oll tile pad, alld svsleill sianddowns tbll{)wing
launch t_tihlrcs

• Payload prel)aralion and on-pad encapsulation

• [.atlnch window conslrailllS and illtei-t_.'rcllct, [i-oil| operalions al adjacent lannch pads

The illll)aCi o|" SOllll' of lht'sC |_ICIoFs could bc reduced I>v lllOdil_ilig cxisiing lialdwarc

itlld |)i()ct'(hllt_s I(ll pit!|)aiili_ lalll/chcs, o1 1)y I)uilding a<ldilional iacililics for preparing
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launch vehicles and l)avh)ads at (]CAFS; some of these measu,es, such as dmse requiring

modifications to sl)acetraf|, would require a [v] long-term process. However, even these
measures would not in themselves eliminate tile basic constraints imf)osed by the lilnited

nunrber of launch pads.

2. Procedures for scheduling launches.

Several tt'atures of tire procedures ttsed to assign launch dates to commercial payloads

art U.S. iangcs appear lo reduce tire confidence of payload customers that companies

operating from U.S. ranges will deliver a payload to orbit on schedule. These include:

• U.S. launch companies are assigned a 3-month launch slot, rather than a firm
launch dale before a sale is made. Unlike foreign companies, U.S. firms, when

bidding fi)r a launch contract, cannot contractually comnlit the ranges they use
to launch a mission on a specific date. This is primarily because, whereas toreign

launch services are "w, rtically integrated" and operate from their own ranges,

U.S. launch companies depend on launch t:acilities owned by an independent

party--i.e., the U.S. government. Thus, the procedure at U.S. ranges is to provide

range users (commercial launch companies and DOD programs alike) a tentative
three-month launch slot when an initial request for launch support is made. In

the case of eolnmercial launch companies, the assignment of this slot is contin-

gent on a successtifl sale. A firm launch date is then provided one year prior to

launch. Several payh>ad customers indicate<l that this level of cotnmitment was

less satistactory than that provided hy torcign latmch serxices.

• Allocation of launch opportunities is limited by law and the National Space Policy.

(',iven curren! range resources, it is possible that the U.S. launch industl T would
be unable to obtain launch slots that wonld he necessary to capture a larger share

of the commercial launch ma,-ket. The National Space Policy gives first priority

tor tire use ot +national ranges to governnlenl payloads. Also, Section 15 (At of the

Commercial Space l.autlch Act authorizes govermnent agencies to provide only

launch property that is "excess" or "otherwise not needed for puhlic use," and
launch services that are "otherwise not needed for public use." These policies are

reflected in Ihe Model Agreement, the basic contractual agreement permitting

U.S. companies access to national ranges. Under cnrrenl procedures, the nunlber
of commercial latmches that will be supported at a government range is deter-

mined in the Model Agreement which, consistent with the policy of ill+st priori-

ty[,] alhwates launch opportunities to comnwrcial launch companies afler

government reqnirements are determined.

,, Procedures for rescheduling delayed launches. Ahhough range operators assign
initial launch dates on a "frst come, first served" basis, the procedures tor reas-

signing launch dates if the schedule is disrupted wonld be handled on a case-by-
case hasis..&s noted above, lilt" National Space Policy and (_ommercia] Space

l_aunch Act give the national government the first priority at national ranges. The
Air Force has indicated lhat, in general, should a commercial launch slip, it would

retain its place "in line," unless national security or critical mission requirements

required otherwise. However, these conditions are not defined formally at either
the national policy level or at the level of lhe Model Agreement, and tile manner
in which llalional needs would be weighed against the need to pt'(llrl()lC' a vigor-

ous commercial launch industry is not documented.
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()n the oilier hand, (he often-oiled possibilily of "preenlption," ill which a scheduled
commercial mission being pfepared thr launch would be |emoved tiom line to make way

for a government mission, is in reality extremely small, if not negligible. In particula|",
OCST holed:

Commercial lalmch vehicles are owned and titled to [)rivate thms and tln|s cannot be

seized t)y the governmellt. Only tile l)eF, artment of]'rans])f)rlation ha.'_ the auth()ri-

ty If> take sltch action and, even then, only ill the CVelII ol'a national emergenc_:

Because launch vehicles are usually designed for specific payloads, it wot|ld be

extren|ely ditt]clth from a tech||ical viewpoinl Io replace it commercial payload on
a launch vehicle with a gove|-nment payload..Moreover, it is technically diffieuh to

prepare a mission quickly enough thai il would make sense f]+om tile 'i+iewpoint of

the U.S. government to remove a commercial launch vehich' from it launch pad
ill ol'd('f Io lll_tke 1oo111 t()l al govellllnelll IlliSsi()ll,

Section 7 of the (_omme|+cial Space l.aunch Acl AlllelldnlellLS requires tilt' Sec|etarv
ot + 1)et_'nse or the Administ|atf)r of N/_SA, in cfmst|hation wilh the Sec|-etafv o'f

Transportaliou, t¢) app|ove any l)reeml)tifm l)e|s<mallv, to approve such [vii a('tif)llS

<rely when imperative national t|eeds are al stake, anti to rep<)rl Io Congress when

such ac'li<)n is taken. This ela|)o|ate system tends Io (tis(f)t|rage Sl|Ch actions.

It|slot|call\, lhe main cause tot launch dale delays has been hardware prollle|nsI

usually when a compoue|l! in the launch vehicle or payload fails a pfelaunch lest on Ihe
launch pad, or causes a launch ta.ilure, and lhe anomaly must be idenlitied and cor|ecl-

ed. Thus, lo a great extent (he launch companies lhems(.Ives have a significant degree of
(onlrol in maintaining schedules.

3. Potential single point failures at latmch ranges.

The h,ss of any one of several critical lacilities tor preparing laun(]l vehicles liom acci-

den(, natural (lisasle|. or a|lack (ottld bring the syslem for of)eraling a particular type o1
hu|nch vehicle to a hall. in the case of ESM(:, lhese inch|de (I)ul are nf)t limited to):

• l.aunch pads

• Solid |ockel storage taeililies

• The Titan Solid Molor ,¥sseml)ly t_',l,ilding

• Certain ground eql|ipn|ent ttsed for the movement, inspection, and testing of
launch vehi(les

Although Ihe probal)ility ot +a single point failure may be small, and although foreign
lal|||eh t_lcilities have similar vt|lnerabilities, it is nevertheiess a potential t_tctor in the abil-

ity ot U.S. launch compa||ies to maintain schedttles.

4. Safety review procedures.

Few launch companies expressed dissatislaclion with lhe range safety requirements
themselves or lhe level of acceptable risk implicit ill these requirements, ttowever, sever-

al in(lust W |epfesentatives indicaled dlat tile procedures for implementing these slan-

dards are time eo|ls||ming and sometimes duplicative, with the same data having to be
provided to several ollices. Furthen payload custonmrs remarked Ill;it Sal_'t¥ regt|lations

were not coordinated with |ange users, nor were they developed with (o|lsi(le|alion of

lheir e(f)ltf)mie ilnDa(l f)n COllllllel-qia] ()pel'_lliOllS.
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It nmst be notcd that tilt" range saflqy requirctnents arc intended hy the Air Force to

protect both public satetv and a national resource (i.e., the ESMC launch tacililies) and

Io prevent damage lhat Would affect the ability It) conduct I)olh government and com-
mercial launches. Even st), it mus! also he noted that these pF<wedures were originally

designed [+or govermnent operations. In designing these procedm-es, Ihe Air Force imend-

ed Io ensure both the protection of government property attd pet-sonnel attd the success

of government missions; howevel, in a cotnmercial enviromncnl, sail: W is equally impof

tant, but tile risk of mission success is generally left to Ihc tlrtn undertaking lhe opetation.

The most itnporlant reason ti_t delays in satt'ty reviews appears to t)e a lack of ade-

quate safety staff at ESMC, given the many procedures which must lie observed by a ,anRe

safety repct+sentative, and the extensive paperwork which nnlst be reviewed and apple<wed

hv I'i{llge sillelv stall. This is a lransititmal diflicuhy, as additional satk_ty perstmnel ave now

being put intt_ place. Other t_tctors affecting responsiveness include:

Most (httt uot all) ESM(: safety personnel are cutt+ently located at Patrick Air

Force Base, 90 miles tlom the launch facilities at C(L+\FS+ Onsite sal}.qy t+epresen -

tatives would improve lilt" accessihility attd availahility of the sat_'ty organization

lot both commercial and military launches. One launch tirm representative sug-

gested ttsing safety representatives trained by and accountable Io the agency

responsible for safety, but salaried by the commercial firm and located tm till_'

firm's premises (imp'lenmntation of such an approach would, of course, t-equive

mt'asttres to CltSllle that conl]icl o[ +itlterest situati(nlS did not occur).

_()lll(! COl/lll|ercial ]atltlch COllll)any Fepresenlalives explessed a (oncetll lhal

ESM(: officials had begun to inteq)ret existing satety reqttiremenls more narrow-

ly, possibly in response to the loss of the (_hallenger attd EI+V mission taihu+es that

had occurred at about the same time. For example, in one case the definition <)t+

"lifting eqttipment" that were required to I)e cet+tified was expanded to inchtde not
only cranes and hoists, I)ut also transporters equipped with jacks, trucks equipped

witt'l loading plattbnns, etc. These representatives stated that some nlecha,fism was

required to ettsttre consistency with the intent of the t+e(tuirenmnls.

lvii] Conclusions

()(]ST believes lhat U.S. ,ange operators have nutde signiticant progress in supporting

Ct)ltllllelciit] latlltch ot)ttlpatlies ill a lllallllel Cl)llSislellt with the (]onttnercial Space 1 +atntth

Act and National Space Policy. ltowever, it tile U.S. is to be competitive in the years ahead,

addilional measures are likely to be required to establish a reputation tbr U.N. ranges being

concerned with the demands of the markel and the needs ot launch custolners.

The Departnwnt of Defense and the Departmeul of Tvansportati<m have torged a

close working relationship to address many of tit{" issues taised in this study and It) work

to resolve thent. Togelher with tile ct)opetatit:,u of the private sector, D()D and I)()T will

continue lheir ettbrts lo provide an environment conducive Io lilt! develt)pnlellt of a

robust, competitive space launch itl(htstl+y.

In some cases, lhe options for add,-essing tilt' issues cited abow? are Stlaightlorward+ For

example, the ct)nslraitlls crealed by the limited nulnbel of l)ads could be alleviated by con-

strutting new pads, hy refttrbishing unused Nads, hy itnplementing procedures Ihat mini-

mizt" on-pad time (sttch a.s payload encapsulation at ofl:-pad ta.,cilities), or by introducing

new techn()h)gies (such as oflZshore launch systems). The pt)ssil)ilities ()ill'red by such

potential mcasutes suggests that the natit)nal space infrastructure wart-ants addititmal mtu(ly,

especially in light of the currclll interest in comntercial and state-operated sF, aceporls.



EXPI.()RIN(; TIlE UNKNOWN 497

OCST believes, however, that such specitic issues can be addressed only by considcl:

ing them in the broader COiltCX| of how the national rmlges (:;All Illcc[ the commercial

requiremcn/s of launch companies and Iheiv i)avload CIISlOlllCTS. l:hima/clv, whether U.S.

ranges provide "commercially reasonable" cont'lilions del)cn(Is on whclht_r latmch corn-

panics and [)ayh)ad CtlStOlllCFY;believe conditions at national ranges are commercially rea-

sonable, given the international lll:trke! J_)I launch serviccs. Thus, ()CST IIO1CS th:{i ,my

strategy: t_r improving the competitiveness of the U.N. latmch industry must be oriented

toward providing not just adequate stq)l)ort _)r sul)por! consislent with that provided to

[!.S. govermnen! missions. Rather, such ;t slratcg_: nnlst t)e oriented toward providing
suppor! flint, without direcl tFderal subsidy or adveFse afti'cts on national security interests,

is tiflly competitive with Ille launch support lha! is ;wailal)lc _m lhe world marke't ....

Document 111-24

Document tide: "Memorandum of Agreement Between the Government of the United

States of America and the Government of the People's Republic of China Regarding
International Trade in Commercial Launch Services," January 26, 1989.

Source: International Trade Administration, Department of Commerce, Washington, D.C.

The l'eoph, i_ICepublie i_[ China began to market it.s l,o,L, 31arch space lau,ck vehicle a,s a eomme_

eial space &urnher i, 1985. It qJfi,red potential ett._to,tet:_ a/.ice considerably lower thm_ that bei,g
o[fi.red @ Ariam,._pace and competilor_ m the emetLri_g l,iS. eommenial spr;ce launch indu._trv. I_

both Europe and the 1.5_ited S/all% @ace launch p_n,ider:_ eomplaim,d that beeause China wa.s amm

market economy, thi._ price did mJt have to wife:'/actual costs m_d /hal ()hi,a was i, e_sence suB_i-

dizin g it.s e, trv into the comme_rial lau,eh market. ()n the other hat,I.._0me no_-(.'.S, bm, er_ O/

eommu,ication_ _alelliles wa,ted to take adva,takw t!/ the Chinese priee_, which would low_;r their

to.sis :!/ doi_g busines.s. Beeau.se ['.S. .satellite ma,t{/aclutr_:s wcle _equi_vd to Ke/ m_ export lice,.se
ureter the International Trade i, Arms ICeLrulalio,_ to ._h@ a satellite to Ckina Jor launch, the l '.S.

Lrovm'nmet_t wa_ able to co,trol whether lhase ,_anztjaeture_:_ could compete ft," r'onlracl.s that .+peei/ied
a ('bi,ese Numh.

7he ( LS'.government tried to balance the competing interests o/'U.S, satellite man_(Jhcturers and corn-

mortal laumh _erviee provider_ by negotiating this agm, emen/ with /he Cbim_w. government. It set a

quola o, Ihe ,umber o/ Cbim.se laumhe_ em_)'i,g an American-built .satel/ile a,d otho'wise .s/me(fled
eo,ditio,._ ureter which Chi,a eouhl e,ltr the global competition/or laumh contracts. Similar lau,ek
t_ade agw_eme_d._ were sik.v_ed betweet_ the I )_ited State_ _ at_d Russia i, 1992 and the U, ited State_
aml the Ukraine in 1995.

[11

Memorandum of Agreement Between the Government
of the United States of America and the Government

of the People's Republic of China Regarding
International Trade in Commercial Launch Services

1. t'(rRl'()NE

The (;ovcrnmcnt of the United States of America ([!.S.) and the (;overnment of the

People's Relmbli¢. of China (PRC) have entered into this Mcmol+andum of Agreement
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(Agreement), of which the attached Annex is an integral part, to address certain issues

regarding international trade ill commercial launch services including entry ill an appro-

priate manner of ill(' PR(: into the inlernalional market fl)r (ommercial launch services.

ii. TRADE ISSUES AND MARKET ENTRY

The Delegation of the Pet)pie's Republic of China and the Delegation of lhe United
Stales o[ America held two rtnulds of negc)tiati(ms in Beijing and Washington, D.C. As a

resuh of these discuss|tins, the parties have agreed that certain measures are appropriate

to address certain issues regarding international trade ill ctmnnercial launch services,

including entry in all at)propriale manner of PRC providers of commercial lal,nch into
the international market R)r c<munercial launch services. Accordingly, the U.S. and tile

t'RC have agreed as fifllows:
a. The U.S. and the PRC supporl lilt' applicalion of market principles lo interna-

tional competition among providers of commercial launch services, including the awfid-

ance of below-cost pricing, 121 governnwnt imtucemenls, and unfair trade practices.

b. 'I'o bring abt)tlI elllrv ill all appropriate manner, tile PR(; shall lake steps to ensure

Iha! providers o[ (omuwrci_d launch services comrolled by or opcraling wflhin lhc terri-
tory of tile PRC do not materially impair tile smooth and effective fmlctioning of the inter-

nat'ional market tbr commercial launch services.

(i) Among lhese steps, the PRC shall ensure lha! any direct or indirect governnlenI

supporl extended to its providers of comnwrcial launch services is in accord with

practices prevailing ill lilt' internalional markel.
(it) The PRC shall require thai its providers of comme,-cial latmch services ot:ter and

('Ollchlde ally ct)lltracls 1o provide t-t)llllllercial lallllch services |(i inlerllatiollal CllS-

tOlllers all prices, IcrlllS, alld corot|lions which are <m a par wilh flmse pricvs, terms,
and conditions prevailing ill tile international markel Ior comparable commercial

launch services.

(iii)The PRC ag,et's thai it will prevent its providers of t:ommercial launch services

flom off>ring inlroduclorv or promotional prices [br launch services except for tile
lll'Sl or, [11 exlratlldillilrv Cii'CIllllSlilll('eS, sect)lid successItll (Olllllleltial latmch of a new

latmch vehicle. Ill this iegard, prt)motional |1rices will n()l he oil>red for launches on

the l,ong March lIE or Ill under any contracl other lhan lhe conlracl for Ihe suc-
cessful latmch of the AUSSAT B-I and B-2 satellites.

(ix') Tile PR(; agrees IO require its launch service or 13J illstlrallce providers It) offer
international customers any insurance or rellight guaranlees on a l)ar with I)rewtiling

rates and practices in inlerlmtional markets for comparal)h" risk.
c. Ill view ol lilt' (OliCerlls abOll[ lilt" latlllCh services illalkel expressed by several

countries, tilt' PRC expressed its understalldhlg, lhe PR(: explained lhal: (;hill has a lira-

|led capabililv of manul;tcltu-ing launch vehicles. In add|lion to llleetillg lhe Ileeds ot
domeslic Chim'se satellfle launches, its providers of comme,cial launch services are <rely
ahle to oiler a limited mnnber of communications satellile launches each year for inter-

national cllslolllers. Chinese launch services, therefo,e, are only a supplcnwnt 1o the

world market, providing inlernalional cuslomers with a new option.

After mutual and friendly consuhations, tile U.S. and the PRC agreed:

(i) PRC providers of commercial llumch services shall not launch more lllan (.}com-
munications satellites fin inlernatitmal ctlstomers (including the two At!SSAT and

one ASIASAT satelliles) during tilt' period ot this Agreemenl, and

(it) The PRC shall require that any COllllllilnlelllS tO provide COmlnercial latmch ser-
vices lo international cuslon_ers by PR(: latmch service providers are proportionawly

dislribu|ed over the period of the Agreement. To Ihis end, the PR(I shall preven! a dis-

l)rOl>orlionale I41 COllccnlralion of such commitnwnts during any iwo-year periled of
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theAgreemeilt.ThePR(2slavmake{:omnfitment.sill any B-year per|lid {if Ill{'

Aglet'lneni {'{insistent with subparagTaf}h (i) abort-. "File PR(2 shall also require that

PRC launch service providers shall not {-OllluliI at any tilne t{} launch ill any calendar

),ear covered by the Agreement more tha]l twi{e the average annl.lal ntllllbel- {}l

launches perlnitte{l tinder subparagraph (i) at}{)v{'. Tile" PRC shall seek to ensure thai
PRC latulches of {{}mnllmicati{}ns satellites fi)r internati{mal cust{}luers are per-

form{'d as scheduled in the origillaI launch {'{}lllnli/lll{'nt.

d. Tile U.S. staled that the U.S. {t()es sol I}r(}vide goverlllilent inducenlenls (}t any

kind in connection with tile t}rovisi(}_l {it {ommer{ial laun(h services I(i internati(}nal cus-

tomers which woul{l create discrimination ag-ainst launch service providers of other

nations and has lie intention {if t}r{M{ting such inducements iu tilt" fiHtlre. Accordingly,

Ill{? PRC stated it agreed Hot to {}t]_,'r in{lu{ements {if a_ W kind in C()llne{ti(in with th{"

pr{}visi{}n {if commercial launch servi{es 1{7iIll{'HlatioIla] custom{_rs which would create

discrimination agaiIlSt launch sci-vi{e ]}rovi{h'rs o[ ethel-lilt|OilS.

Ill. NON-DIS(2RIMINATION

1. The U.S. stated that U.S. eft}riders {it {{}mmercia] launch services {hi not dis-

criminate iLnI'airlv agai]lst all}' intelnati{}nal CIISI()IIICI'S (}I"suppliers and thai it is not l.J.S.

{;overmnent p{}li{y [._}] to encourage any such imf_tir {lis{riminati{}n I}y U.S. providers {if
{()llllllCrcial laullch services.

2. Acc{}rdingly, ill implementing its ((}llllllillllenls tllldcl this Agreement, tile PRC

shall require that its pr{)vi{levs of {:ommer{ial Iatm{h services not {tis(rilllinate unfairI

agaillSt ;lll.T' internal||}hal cust(}lllels ou Sul}pliers.

IV. (2()NSUI£I'ATI( }NS

l. Tilt" PRC and U.S. will {'otlsult ;u]nttallv with respect t{} the ohligati{ms in this
:\greenlent and related Illat|clS, in{hMing the natllle an{I ex|clll {)f direct and indirect

g{}vernmetlt suet}err provided It} commercial launch services pr{}vi{lers and deveh}pments
ill tilt: internal||}hal nlavket lilt conmle]cial launch st?trices.

2. hi ad{lition, each par W ull(leitakes t{} entcl" ill|{} c{}nstlhatiotls within thirty (30)

days of a ieqlleSt by tilt" other l}arty to discllSS ltlattel_s of particular concern.

3. l)uring annual consllltations, tilt" liltlitalioll oil tilt' total Ilulnht'r (if colnlllllnica-

ti{)l_s satellites that may be launched by PRC pr{}viders {)f {ommercial launch services nlay

be re{{)nsi{lered upon Ie{luest {it tilt" t}R(_ ill light {if unf{}res{'en deveh}pnlents ill tile
conml{'r{i_l laun{'h services market. A I_!.S. {tecisi{)ll {in su{h a Fe{llles( shall he made with-

ill lhirl}' (B0) days aflcI- the c{}mpletiotl of tile anlllla] {{}nsttl|ati{}ns.

4. The U.S. all{[ |he PRC agree to work toward a {(}llllll()n lu]derstanding (it tile
at}t}li{'ali{}tl {if market I)rin{'iplcs t{} t}vi{:{?s, terms, and c{)n{litions {)t {ommercial lalm{'h

servi{es for intc'rtlali{)Na] [C;] {ust{}mers,

."}. T{) fac'ilitat{! ill{" anllllal {{>Usldlati{}us, (h{' U.S. aim the PR(: agree t<} exchange
inf{}rnlati{)n as f{}Ih)ws:

(a} The I.I.S. shall ea{h year in a{tvan{x" {if su{:h {:Ollstlltati{)ns pr{)vide It} tile PRC such

l}ubli{:ly releasable int_}rtnatioll as it l}ossesst's with respect I{i l}ri{es, terms and con-

(till{ins t}r{'vailing ill the in|t'rilati{mal market t_.)v {'{}mnwr{i;d launch services.

(b) Tilt" PRC shall ea{h year in advance of such {onsuhati{}us provide {'oinprehensive

inf{)rmati{)n t{} the U.S. regarding I)ri{:es, terms, aim {{}till|titres {)ffered ]}y PR(2

i}r{}viders {}l {{}mm{'r{ial laun{'h s{,rvi{{,s t_}r (he launch {)f satellites licensed by tile

(T.S. The PR(; may also provide oth{'r illt(>l'lll;lti{}ll |ha( it h{'lieves slav have a inatel-i-

al efteel on pri(ing l}ra{ti(t's {if PR{: pr{B'iders of {{}mn]{'r{'ial launch sen,ices.
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(c) The PRC may request that tile U.S. provide addilional publicly releasable infi)r-

marion with respect to international prices, terms and conditions, and may ill addi-

tion request U.S. views regarding prevailing international market conditions and

likely future develol)tnents, as well as government supports or inducements. Tile U.S.

shall respond to such reqtLests within thirty (30) days. If" snch in|'ormation Callnot be

provided directly because of business confidentiality, the U.S. shall provide such infor-
Illalioll ill Slllnlll_ll'V t0t'ln.

(d) The I.!.S. may request additional intiwmatio,l with ,-espect to the prices, terms,

and conditions offered by PRC providers [7] of cotmnercial launch services and any

PRC government supports or inducenwnts. The PRC shall respond It) such reqttesls

within thirty (?,0) days.. If such inl'ormalit_n cannel be provided directly because <ff

business confidentialilv, lhe I'R(" shall provide such intormation in summary form.

(el The U.S. and the PRC shall keep all infi)rmation received from each other under

this t)aragraph strictly, confidential and shall not provide it to any other government

Ill" lilly pri',,'al<`" pers,n without file wril[<`'ll ('(HISellt Of the other.

t_. The U.S. and the PRC shall also provide each year in advance of annual consul-

tations inf<wnlation on a consolidated basis concerning the commitments their latnwb

service providers have underlakeN to provide comnlercial launch services lot internatioll-

al cus/onwrs. This inf<wmalion may be made publicly available.
7. If a latmch of a conmlunications satellite for an international custonwr will not

be performed as scheduled, the PR(; shall holily' the [!.S. regarding lhe reasons tiw the

delay alld Ill<`"new dale I()r Ill<.' launch as soon as possible.
8. h is utlth.rstood lhal the U.S. and the PR(; will review the inforlnation contailled

ill this Artich" during atmual consultations in the COlllexl of develol)ments in the interna-
tiollal i'llarket It)l c()mllWlcial lallncb services.

V. (;IARIFICATI()N ()F RIGHTS AND OBI.I(;ATIONS

1. If, after frictldly consultations with lhe PRC, the U.S. determines that fllete is

clear evidence that the provisions of [8] this Agreement have been violated, lilt" U.S.

reserxes its right I_ lake allY aclioll permil/ed Illlder [!.S. laws and regulations. File U.S.

shall seek Io aw+id aclions incollsistellt with this Agreetnent.

2. XVilh regard t_ export licenses, any application for a t!.S. export license will be

reviewed on a case-bv-c,tse basis consistent with U.S. laws and regulations. Nothing in this

Agreement shall be collstrued to mean that the U.S. is ctmstrained fronl taking any appro-

priate action with resl)eCl to any [!.S. ey, port license, cotlsistellt with [ I.S. laws and regula-
tions. Nevertheless, the t!.S. will do its utmost to assure, (onsistent with U.S. laws and

regulations, continuity of issued license(s) and the completion ofthe transactions covered
ill such license(s).

VI. DISCUSSI()NS ON INTERNATIONAL RULES

The U.S. alld Ill<`' PR(; ave prepared to enter Jill() discussi_ns with other interested

parties Oil (-Olllprehellsive illlerllalional rules with respecl Io gO'+.'<`_l'lllllell| ilwolvelvlenl ill,

and olher tnatlers relaling to, lhc interllalional markel tor comnwrcial launch services. II
is utldcrstood, however, thal nothing ill Ibis Agreement shall prejudice any posilion on

any issue that either lhe U.S. or the PRC may take in those discussions.

VII. COMPREttENSIVE REVIEW

Tile U.S. and the PRC shall engage ill a <:omprehensive review of the terms an<t opel-

alion o[" lhis Agreenwll! beginning ill September 1991,
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19] VIII. ENTRY INT() FORCE

This Agrcenlent shall enter into [o,+ce u[)<m notification by the (;overnnmnt of the

United States oiAn+erica to tlt+_+(;overmnent of the People's Relmblic of(:hina that a U.S.

license fin +Ihe export of the ASIASXI _ or At ISSAT satellite(s), m any other satellite, to lilt!

F'cople's Republic of China tot launch thervin, has been approvett. Lrnlcss extended by

agleenlcnl of lhe PR(: and th<.' tr.S.+ lifts Agreement shall tel+lninate on I)ecenl]mr 3(,

1994. h lllay I)C terminated _:IIany time by Illlltlt;+l] a+<_l'._'Ulll('llt if superseded by an interna-

lional agreen+ent <m governmeni involvctncnt in, and olhev malters relating to, the intcr-

lliltiOllar lll;.tl-kut [<)i COllllt+ert-ia] htunch ,+crvicvsor lllld('l such oil|el ,{+irctllnMal+ces as ill_iV
l)e mutually agreed.

IN WITNESS WIII+SRE()F, the tmdcrsigncd, being drily auth<wizcd lw their respective
(;ovevmnenls, have signed this Agreement.

I)ONE at Washington, 1).(:., in duplicale, in the English and (:hines<+, lauguages, both texts

being equally authentic this twentv-sixt 1 day of Jam, try 1989.

l;<w the (;overnment of the l_!niled States
t:,f Atllerica:

For tlw (,overnn+ent of the Pcoph,'s

Rvlmblic of(:hina:

[ I O] ANNEX

The following agreed definilions c<mstitutv ;in integral part of the Memorandun+ of

Ag{reelnellt Bclwcen the (t-;ov<21"lllllUll| o[" lit<,+ Uniled Stales of Anlelita and the

(;overmnent of the l'eople's Republic of (_hina Rcg-avdit+g Internati<mal Trade in

C(muncr(ial l+atmch Services oflantlary 26, 1989.

I. The ternl "conmwrcial latmch se,viccs" relers to any commcvci t Ix' provided launch

of any salellite, itwhtding connnunicalions satellilcs, for _l+ntinlelnali<m_tl custonler.

2. Th<., tet-m "commtmicalions satellite" reli.rs to any satellite which is at primary pavhmd

of at latmch, and which l)rovides telccommttnicati<ms+scvvices. II rel},qs primarily to, bttt is

not limited to, communications satellites in gcostati<mary orbit.

3. The term "inlcrnational cttstomer" rel}.u+s to the [bllowing:

(a) any instittttion ov business entity, <Jtht, r than those institutions or entities h>taled

wilhin the tcnTitory of the PR('+and owned or controlled by PR('+ nalionals; or

(b) lilly g'_:'VCl'llllielll other lhilll Ih;ll of lllc' PR(:; or

(c) any internalional organization or qtmsi-governmental consortimn;

[I 1] which is thc ultimate owner or operalor of at satellite or which will deliver the satt, l-

life to such u[lilllal,e OWll,(!l OF operator.

4. The leznl "pt+acli<:es pnevailitlg in the inlcvnational mmkct" in Articl¢" lI (b) (i) rel<>rs
to practices by g<)v.e.+l-llltlents of lllalkcI O('OllOllliUS.

5. The term "t)rices, terms, an(l c(mditi.ns prevailing in the intevnalional market fl)n

comparable latmch servites" in Artich' II (b)(ii) includes but is nol limited to prices.

financitlg terms and conditions and the schedult+ for progress t:,aymcnls offered to intcr-

llaliOllal (llSlOlnClS |)y COlllllltq'cia] laul/c]l Sol'riot + providers in lllarkel ._'(Oll<)lllieS.
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6. (;overnment "inducen]cnls" with respecl to paiticular launch services transactions

include, but are nol limited m, unreasonable political pressure, the provisi(m of any

resources of colmnercial value unrelated m the launch service competition and offers of

favorable Irea.tnletlt tinder or access to: defense and national security policies and pro-

grams, development assistance policies and programs, and general economic policies and

programs (e.g., trade, investmenl, debt, and toveign exchange policies).

7. The te[m "conlnlitnlenl" nleans ally a_,l-eelllClll by an international cttSlOlnel with

PRC providers of commercial launch services to launch a communications satellite, which
et]ectivelv removes the [121 launch [,ore inlernalional commeccial compelition. The

leI'lll "('O{lllllilllleIll" (|_t)es IlOl ilwhlde l'USel'V;.llitHl i|_leelllenls.



Chapter Four

Exploring Future Space
Transportation Possibilities

by Ivan Bckey

After the 19_1 introduction of the Space Shuuh, into service, the rest of the 1980s and

early 1990s marked one and a half decades lot space transportation that might be char-

;-tctt'rilt*d as mostly running in place. The shovtconlings of various U.S. space launch sys-

[CI'IIS ])CCIUIIU WUI] [llldOl'St()(ld. There were II/llllUlOtlS IIUW tFitllSl)Ol'l_.l[iOll systtqll COIICU])[,S

gt'nt:ral,.,d and clear administration policy sl_,ll¢'lllClllS issued. Also, more than enough

m;!jor studies _t p<ltential new latulch svstctns were carried out. I Iowcvcr, cxct'pt |<)l the

introduction of the Titan IV into the U.S. launch fleet, there was little tangible progress

unlil at)oltt 1 .qU4. The period since then has seen sonic progress, however, and as the cen-

tury llcars its tuld, tilt're is hope thai I]le st)ace lrallsporlaliOll piclurt! is improving ill sig-

nit]cant ways. This essay discusst's some of the major slcp.s alld IllldCl'Clll'l'elllS thai shaped

[)l'()gl('SS IOWilI'([ dcvelopinlz ' ildVitlli'Cd S])it<'t" ll'illlS[)Ol[illiOll syslt'lllS--Ol" l'ilthcl" lilt: lack of

it--in the 1981-199,1 time period, h also describes mort, recent fillward movement.

The Background: Air Force-NASA Antagonism and
Early Studies of New Space Transportation Systems

During the 197<is, tllc [;.S. Air Fortt, Ol)cratcd and Ul)gra(lc(l a fleet of celiat)lc

expendable launcll vchiclcs (EL\Ts). inchlding the Dcha+ Atlas, and Titan 111/341) boost-

ors.' NASA successfully dcvehlpcd tile t)arlially reus;tl)]c Space Shuttle, despite its very

a(lvanced technologies and inadequate 1)udget. Ill 1{)81, th,.' SF,aCC agency rt'Stllll<.,tl Iht'

human spac,:tlights suspended since tilt' 1975 Apollo-Soyuz mission. As tht: 1980s t)cgan,

U.S. spa(c t,ansporlalion capalfililit,s secnled il+ good order.

Underneath this ap]mrcn! progress we're turl)uh'nt undercurrents that were to shal)e

(!x.'t'lllS ill tilt" laltllch vchicle alca flu-ill h'ast fifteen years. These were driven to a consid-

erable degree by Air Force-NASA aninlosily resulting from a st'tics of decisions during tilt'

1970s, fiwccd on Ihc Air Force by its civilian leaders ill the Pentagon aud the White 1 tousc,

to end tilt' use o[all of its EI.Vs and connnit to tlying all its payloads till the Space Shulllc

when it cnlercd opt'rational service. Althougrh largely undcr Ill,.' surtace, the trill)at Is o1
this illltag_)lliSlll till Cx,('lllS ill tilt" 19g0s and 1990s must llOl tit' undt'rcstimated. [hc Air

Folt't' had worked wr) hard and long to develop and refine its cxpcndal)lc vchich, tier'Is

to rt'spcctal)h + rclial)ilitv. Switching all payhmds Io the exlmnsivc-tti-tq)cratc Space Shulth',

and dcvchqfing a west coasl F;hulttt, I;unlch thcilitv flit launches into polar +>vbit, i,npt_scd

unwclcon+c additional t)uvdens ml tilt' Air Forcclmdgct. Furthcrnlore, the Air Forcc, as

the scvvicc rcsptmsibh, for assuring [ !.S. access to space, li'h very strongly that tilt + classi-

I]t'd ch;ar,tclcr and criticality of National Rcconnaissanct, Otfic¢, (NR()) l)ayloads Io nation-

al scctuilv iuld tilt" ilnportanct_ of I),0parttnt!nt of I)c[_.'nsc (DOll) payh>ads to national

I. David N. SlmeS. Bcwmd Itorzz.,mw ,/ Ilal/ (;e*ttu,_: _,/ Ah I%_e ._,'pa,; I+'adtr_hip (W;_shington, D(::
I:._;. (;o_cvmm'nt Iqintilag ()l[h c, 19!17}. pp. 113-15.

5O3



,")()4 EXI'I( )RING Ft 1 [ 'RI' SP.\(IL,_ "I'RANSP()RIA'I I( )N P( )F,_,IBII.ll IL,)G

dcl_.'nsc re'|'ant that their launches should t)c under Air Fore}" tontr,_[; tilt'+,' should no! I)+.'

intcnningh'd with the public limelight associated with the (_pen civil space prograuw'

Ill addition, Sell|or Air Force olliccrs a,gucd, without su(:ccss, that the ur<_cnt nation-

al nct'd tot D()D and NRO payloads made it inappropriate to commil ill advance to

latmchmg thcnl on tile Illtlt'stt'd Sp,a,_c Shtl|tlc', v:hich thcv tell would have extmlsi,a'

do_a'll.lilncs aller inevitable t_dlures, precisely because it was a llli|llll(_d SyS[('lll. N,'\Ss\ ('(Hll/-

t('Ycd that the extensive il,[strlllllCllt;I.tiOll <Ill the Space Shutlle would lestlll ill quick Ltil-

ut+c dcterminati<m and lhat th¢" use of solid-tu,['led 1)<)osters, which wcrc thought Io bc

tnorc rcli,tbl,[" Iha.n liquid-fueled ahcrnatives, w<mld recall short downlimcs. FIn+t]lcl+nl<wt ",

as long ;tg_) as 1971, NASA had made a telling point with lhc Whiu' ]louse: llic Spa¢c

Shuttle ne_'dcd the DOD and NR() payloads in its nlanit_.'st it it was lo []y t+rcqucntly

,:,rough 1o become thc cost-etti'ctive launch vehicle Ihat it was proposed to I)e.'

In hindsight, it can be seen that bc)th sides were right. Tile Space Shmtle has (,w,lvcd
tilt() lll,[" world's most reliabh' ]atlllch v('hicle; h()wt'vt'r, lll,[' downtime from |is ol|ly failure

was a[lnosl three vc'ars--t_u hmgcr than either lhe Air For(c ov NASA had (,x|)(,(tc'd. This

h'ngthy al.l)Sell('t" t't'Oll,[ SCl'Vi(',[" W_tS Io it significant degrve determined by Itl,[' media-driven

politics of humans in spacc. +

l+hcsc feelings came to tilt, stlrfac(' as lhc Split,t! Shult]e entered operational service ill

1982 and ctthnimltcd with theJantualy 1986 (JmUe_+_erac,['ident. :\ir Force concerns wcrc

intcnsilied by the neat+Iv (',{)ll('lll'l'('ll[ |,|tit unrelated 1986 laUllch tailtn,[,s of a |)ella and

l'itan 34l), s{] thai for aperiod ot lime tilt' ['nilcd Stales was essentially gi_mndcd." Even

;Ill,q lh,p Tilan lel,[ll-llCd tO tlighl, it could IIOl launch a number of heax 7 payloads critical

to national security. ]),p,['attse lhcv had t,[ecn redesigned so thai only l]le Space Sllulll_'

could laulWh thvm.

Even beliHt" the (.:ttallett,gyr accident, the Air Force leadership had stlcceedcd ill coil-

vine|rig the White ttouse that it was unwise to haw' only one: means of getting the most

critical national sccuvily [)ayloads into orbil. I,,[ 1985, Ihc Air Force received approval to

develop a new hcavv-lifl la.tmch vehicle, dubbed the ('.omplclnCntary Expendable [,aun(h

Vehicle (CELV), wl_ich would haw" substantially Ihc same capal)ilily as the Space Shuulc

I)ut be unmanned and exlJendable. The Air Force preterred to devclol_ a (:EI.V that would

be an evolulion of the Titan 34D. NASA counlcred wRh a proposal tor an unmamwd

cargo dt, rivativc of lhc Space Shulllc, dubbed Shuttlc-(_, whicll would have a hcaxT-lift

capability thrce to Ibm limes greater than thai _)[ the CEIN. The S]lultle-(] would thus no!

only bc _d)le to launch critical D()I)/NRO payloads, but also the space weapons of !he

Strategic Det>nse Initiative (SDI) and NASA's crewed Mars exploration vehicles, both al

that lime in ea,-ly planning stages. In addition, an important consideration for NASA was

!hat the intrcased use of Space Shuttle components would reducc lhc tligh! ('()sls of lhc

Space ShtltIl(" [br ()ther NASA missions.

Not unexpectedly, the Air Force chose the new expendable vehicle route. This d('ci-

si(m was inade for a number o[ reasons, nol th(' least of which was to give back !o the Air

Folce ,['ollll'Ol ov(q" i!s O_,VII ]i_Ull('h{'S. ]|OWt'V('I; _t Sigllil]calll pal'I O[" |lit" I'_lli(:'llalt: WaS I()

Clla[}l,[' !|lqt" Ilalit:,ll lO have tWO ditt'crem hvax 7 launch v_'lliclcs, r_:stllling in a |rim(' I'O])tLSl

2. For a discussion _>t Ihe stresses m tim NASA-Ail F_n,_c relationship and I_ examine some _1 thc d_wu-

nit'tits thal tel]eel thai slrt'ss, see lille t'ss_tv 1)% l)_,s'i_A'llt"A. Day, "[llX'ilalion to StlUggle: the I|isllll'_, o[ (_ivilian-
Mililat,, Relations in Spat}'." and l)ot ulnclnl+_,"I[-29 thrtn_g,h ]I-44 in J_+hn M. l,ogsd_m, gcn. cd., wil'h |)',',avIIC A.

I)a', and R()gm D. 1_aunius, l';xplorinlz Ihe l 'nknow*_: Seleded l)_utm't_l_ it_ th; Ili_l_*+3/_g l/u' [ '.._/.¢:ivil >,_pm+'I'm,_mm,
lb/ume II: t:'.+_t+'rt+etlI¢+,Ittti+m+h@+(Washink[tc+n, D(;: NASA Special Pul+ti_a|i<m (SP)-t407, 1996!, 2: 233-70.

364-411_.

3. .Icrrv (he',. I':nte_pn_e (New Ym'k: William Mmrmv, 1979), pp. 57-88.
4. F_u'_ discussion ot the process _t blinging the Spat[' Shutllc back inlo service aliel lhe Chalb%k_e_ a_i-

denl, see'John M. l.ogsdon. "Return to Flight: Richard I I. "]'ruly and the Re{ovcrv |t_m_ the C3mlle_+!4erAc{idt'nt,'"
m Pamela E. Ma{k, ed., t')?m_l:,nl,_i_*eerin_Sru,m* Io l_il,_S¢ieme (WashinRton, 1)( ;: NAsA SP-4219. 1998), pi ), 345-|;,t.

5. Spires, B_?,.m_dIlmiz,m_, p. 222.
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Immch capability. TIm new expcndabh, vehicle was dubbed lhe Titan IV and is still the

largest vehicle in the Air Force fit'el. Ncwwtheless, it has lurncd out Io t)e as exl)cnsive per

launch as th(' Space Shuttle, for reasons having to do as much ,,rift1 manufacturing c_)sts

as wilh the prope]lsily of lhv Air Force lo cust_,mize each launcher Io its payload _ll|d i()

take up to eighteen months to integrate pavhmds and vehicles on the pad.

l)ttring the 1.(t84-86 period, ualional space transportation policy deliberations were
shaped by a number of studies, conducled b_ ad hoc groups com, ened by the While

H()llse, Ihe congressional Offi(e of Te('hn()log_, Asscssmcnl, and Ihe Nali<)md Research

(_(nm('il.+' These slu(ties unitormly rcstale(I these (_m(lusi_ms, as tollows:

• The ILS. launch (apal)ilily was br()ken and ne('dcd tixing.

* The needs and characteristics ()f human spacellighl and nali(mal se(urilv and other

cargo l)ayh)ads were such that separat,. + launch ¢'apal)iliti(,s sh()tfld exist li)r both.
• (:()sts were ('xct'ssive f()r t)olh.

• Techn()h)gies could be i,+lcntified that (<)ul(l make m+;:jor iml)rovemenls ' but th(.il

development required addili<mal thn(Is (which weFe n<)t t0rthconting).
• The needs of commercial l)FOgrams sh()uld be c<msidered t() make the (7.S. launch

in(luslr', cost (:()mpelitive once again.

l)esl)ite these l)er(,el)ti<ms <)fa prol)h'mati(- rt'alitv, tiule c<m<vete was done t<) address
(viti(+al pt-(d)lems tot alm<)sl a dt'ca(le.

Lots of Studies, But I_ittle Progress

An initial sic t) in rca(ling to ah+eadv l)(,rceiv(,d pr_d/Icnts was President R(mahl R('agan's

National Space Slrateg 3, (If IG)84; this sliateg3, _laid out a set <)f earb,' remedial Stel)S to l)e pur-
sued I)y N;LSA and tit(+ Air Force. [IV-l] These inchtded a call tilt (ooperative stttdv defin-

ing desirable options for thture space transportati(m systems. The possibili U of'latm(.h
requirenlcnts generated by a space-I)ased ballistic missile (h'limse system was to be a Lit'lot

in the study, which would be preceded by a cooperativeh,, develt)pe(l technolog):, phm. This

plan, (ailed the I.aunch Vt'hicle Technol()gT¢ Study, was issued in l)ecember 1984. [IV-2]

That stud?, was tollowed in IG)85-86 by a nti_ior,joint NASA-Air Force effort to specil\
1he pvetiwred "architecture" (the general Hlaractt, risti(s of separate svstems and how Ihc_,'
would (omplenlent one another) of a futttre t!.N. launch capatlility; ibis effort was ('alle(:l

the National Space Transportation and Stq)l)ort Study. [ IV-?,] This study dcveh)ped a num-
ber of possible architectures, each of which could, it{ principle, satist_,"the assessed ihlure

needs. These in(ludcd expendal)le, partially ,ettsable+ and fldlv l'etlslil)le lallll(;h vehicles,

as well as a set oF upper stages and orl)it-t(>-ort)it stages, including b()th expen(tal)le and
reusat)h, designs.

The National Space Transportati<)n and Support Study was inflltential; it soliditied
White tiouse an(l congressional supporl ti)r moving torward with tile definition of uew

sl)ace transpo,tation capabilities. Most notal)le among these were tile call tot a new

tllllllillllled C;ll+g() vehicle it.ll(l lhe decision to (:ontillue to kec I) lllallFIcd and unlnillllle(|

6. I larry S. l)a;vsom I¢_,_,i+,7_,o/,S_m+t,._'h.tll,, II¢'qldn'me.l_, ()pe_atio.s, a.d I')+t.w l'ht*+_ (Washingt(m, 1)(:: t t.'.;.

I h)usv <)1 R('prt'scnmliv,t,s ( :ommitt(.(+ on .";(lent t+and I'pt hnoh _g,,.,, I:Lq4); 1lt'alings t)eli+)re tim Sul)colmnit Ii'(' i)11

Sl)a(e S('i('ncc and /\plditalionls. (.)Sth C(mg., 2<1 s_'ss.. ,_parc ,+_]ltllll# lCeq.i_'me.l_, O/wralir._, a.d I')11.*+" Plrtl+_

(_Vashitlgt(m, 1)(i: [?.,q. lh)tts(, ot Rt'prest'tmtlivt.s (_(mmlittee cm ,_,ciem¢ anti Tt'chn()h>g_, I(.)84); |{carings

be|ore Ih(' Std)t'ommittec <)n S_i('nt(,. ]_.chn(doR3, ' alld S])a('c on 10 Scpttqnl)cr l(.Dt4, (.){gill Cong., 1st s¢'ss.,

l'_H+de.tu'P v ,S_+a: Sk.tth, 1.a+t.ch Comph'x (Washington, I)C: (;..";. Senate (_lnnlnitlcc [)ll (:OllllnCl'Ce, Sci('nt c. and

TvanSl)(_tlati,m, 198.1); l)a,,id II. Mcu_re, tJHri+ll._()/)llo.+fl.l]le._lmre._],+tlll_, (Washington, DC: [.!.S. Senate Budgcl

(hmunittcc, 1<:185); ,.i_t_ed A++_<_s to ),pace l)uri.l¢ lhe 1990_ (Washingl_m, I)(;: U.S. t[ouse ot Representatives

(]olnmitt(w on S(ien((. aim T('('lm(dob:,3_ 1986); .'ls_.n,d ,'l¢_'s_ Io S/_ace: 19,S'O (_¥ashinglOll, [)(]: (?_.. l]ouse (d

R¢'pl('senlativ(.s C(mtmiltt'(' <m S('it'i;( c and +li+t hn[)l<)RT , lt.l<R6).
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vehicles separate. In addition, the study concluclcd that there was not an urgen! need tor an
advanced mannt'd vehicle; increnlental i|nt)l-ovenlents to the Space Shuttle would sul]]ce.

While tile initial study resuhs treated t)oth neaPternl and longer term options, such

as reusable single- and I_,o-stage launch vehicles, the study eventually concluded that a

IICalCl lt'l'lll capability was urgently needed, which could I)c either expendable or parlial-
Iv reusable. This conclusion, reinforced by lhc space iransportation crisis tbllowing thc

[986 (:hallenffer accident, led in 1987 to a j(fint Air Force-NASA syslvm definition study ot

a launcher tamily called the Advanced l.aunch System (AI,S). [IV-4, IV-5] The ALS was

studied extensively, bu! in 1989, it was abandoned when it became clear that it could not

dcliver the promised major cost savings |hill were inilially lot|led, This l-CStl]l wiis it stn'pris("

only |o those deeply involw_d in llw AI.S study activity, lot it was a loregonc conclusion Io

many others from the otltset, based on ICSu[ls [roln a number of other NASA and indus-

try studies.
The slat(' of allairs in space tratlSl)ollation was reviewed again in 199(l-91; the resuh

was the Bush administration's National Space Policy Directive 4, +'National Space Launch

Stra|egy.': This presidential directive was action oriented. It directed NASA and the Air

Force to develop a new jointly funded and.jointly managed launch vehicle system. It was
to be initially unlilallnt'd t)ut illanllt'd laler on. It would have m+tjor impt+ovenlents in tell-

at)ill|x, cost,land responsiveness. The directive also lasked till + space agency and tile Air
Forct" to coordinate i]icir teC}lllOlog,_' }llOglallls Io (,nal)le more advanced all(l rct]sablt'

vehicles to cveutuallv complcmcnl lhc jointly dew'Iopcd new system and to actively con-

sidvr and support c_mmmrcial industry and iis space launch needs in thvir activities.
Thc main resuh from these dire(:tivcs was the stai| of the National l,aunch System

(NI_S) program, a jointly funded and,jointly managed NASA-Air Force system with a sin-

glt" program ott]cc. l'ho{lgh well in|on|iota'd, Ihc NI£ program was characterized 1)y two
lcss-than-eXelnplary major [_,aturcs. As in lhe prm,ious AI.S program, there was consistcnl

met-optimism on |hi' Cos! savings that could be ,,'Xl)C('lcd fronl a new EI.V. Cost goals of

100-pcrccnl reduction were still bcing suggested, whcu tnanv knowll'dgeablc peoplv in
industry and govt, rl'mlcnt vel again said that 30- to B0q)crcent savings wcrc prol)al)ly the

Most Ilia.it t.xptqldat)le velliclcs (ollld ()t]l.'l. t]owcvcl, thcsc voi(cs WClC again ignored in

the cul)horia o[ possibly initialing lh(' []rsl mi_jor uew launch vchklv (l('vtqol)ment in the

I.rnilcd States since thc Space Slntlllc ill the 1970s.

The svcond negativc lt'altll-C was thai the joint nalurc of the managemcnt did nol

work _vcll. Although lh('lc wcrt' some lingering, l)rivatt'l_ v_ficcd dout)Is [)ccatlSC o[ lhe

past Air Forcc-NASA animosities, officially both NASA and Air For(-c committed |o mak-

in g |hc.joinl program work. Most of the nlanagClncnt problems could bc itttril)utcd l(_ tilt'

lunding umt,rlaintics (auscd b'_ tilt' dill_.qcnl congressional paths for ohlaining budgct

aulhoriz;._lions and apt)ropriati_ms: lhctc wcrt' a ntmlt)cr ()[ ditli.'rvnl c(mmlillc,.'s iuld sub-
c()nllnitlci's It)l- NASA and DOD, ('ach subj('ct t() (litlk'rcnt l)ri()ritics and i)rcssures.

Yurthcrnlorc, till" mallagenlt'n| o[ (m,.' I)rograln hy a.ioilH program oflic(' with the dit]cr-

enl c()nslilucn(ic's and orientati()ns of NASA and DO1) was proving increasingly ditt]cuh."

\_'hcn c(mtidencc in till' NI£ heing at)h' to achicv(' matjor cost reductions hegan trail(l-

rating, s() did its SUl)ln*rt in (:ongrcss, aud lhc program dk'd without having entered lhc

h,udwarc phase.
Additional studics now (locumentcd whal was clear Io cvcn casual ol)scrvers: despitc

prcsidential dilcclivvs, liuh' t)rog]vss was t)cing made l()'_,';-tl d it IIC'V','launch vchich" capabili-
ty, not h('cause ot a lack o1 will or ill inl('nl, I)ul ])ct attsc ot poor coordination m_d ditli:ring

7. This st,am'g_ is als,+ dis(usscd in Chaptt'_ Ttm'v in this xrohltllC o[ I",:pl++P+ll,I, r lk+' I +ll/t,,ll_i'+,n ;ill(| appearn

as L)ocmncnl 111-19.
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goals and orientations. [IV4;] _' Furtherntore, an intporlanl castialiy of the lack of pYogress

was the ever more critical capabili_, [7,r the nation to compete in the ctmuncrcial space

lalulch arena, which was rapidly becoming larger and nlt_t'e visible on the world stage.'"

While the AI,S and NI.S activities were in tull swing, {'t]_lrts wi'r(" made to coordinate

the Itmget + term NASA and Air Force tc{hnolo D' progranis. These aclivities rcsuhcd in

many committees and doculllelltS, but un[i)ttutlalcly lit|h+ newly developed lethnt)lo:t,_ +.

This was partly because of the ditti'rent ol+it+ntations of the two m'ganizations. NASA was

pushing pl+incipally those technologies lhat could itnprovc lhc Space Shuttle or apply to

a new generation of lcusal:,lc nlann_'d vchich's. [lVTi Meanwhile, 1)O1) was tocusing on

those' iechnolo<g, ics Ihal could iniprovc EI,Vs. ()Ill" of ihc few cXccplioliS was in the 1'11_-i11_2

area; new ellgini! lechllologry lesl I)cds wcrc l)lll'Stlt.'d till :1 cooperaliVe basis.

Developing Advanced Technolo_, Systems

Thr<iughoul tills peril>d, Ihcre weie a nuntl)cr _lt prot4ralns thai attenll)ted io develop

breakthrough lechnologics and enil)t)dy lhcin in sxSlClnS lhal would allow l+adical])Iowcl

cosls via reusability. Thi+s{ + lechiiologi_.'s Wi!lt' gt'n{'rally giossly undcrftindt.d, if funded al

all. There was Ill|t! exceptit)n--iht" only really inaj<ir advanced launch techllolob> _' pl'O_l'alii

prior it:, 1994--lhe National ?\el<isl)acc Plane (N:\SP). [IVS, IV-9|

The NASP was lOtlt,:,'d as a single-stage-

to-ol'tiil (SSTO) fully lcusal)le vehicle using

aiY-tirealhhlg engines and wiugs; h was thus

oft¢'ll compared to a v01T high-speed airliner

(Figure 4--l). h was thst dethlcd ill the

l)ctkqlse Advailced Rescalch ]>ro.jl,cts :sigl, ll(-y

through a program known as "Copper

(:anvon." h was sold as a technolog,_ delta m-

sli'atioli i)rograin lhal would leslllt ill a t/Fo-

loiypc w'hiclc. II was also [llOlllOted as

having a capability to tly halt_,vay arOulld l]ll:_-

world ill a 17_.w ht)lll-S, with tile lliedia dut)-

bing it tim "Orient Express."" alihou<gh it

advanced nlany lechnologics, lilt" HASP pro-

gl;.llll eventually died, afl/,l" hillions of dollars
had t)een s[)enl. I)ccaiisc of serious technical

problcnls and ovcrprtmliscs, whicll derived

as iniich froin political desires for rapid I, Ts..._..l I.

lllOglCSS its |lOln the _l-t,al delllalldS placed I'l,,.e i. <MuI. (,,NL-LS'Apholo Itql.-748j

oil tile lt'('hllolok_' itself

The technologies I]lat would I)c needed by lilt N,,\S1 )wcrc tiu llll)l-e d{'lllandilig i]lall

Ihost" [_li llUl-t! i-o(kol SST() fully rl'iisatlic ]alilich vehicles tV/'l'l'. Howevei. I)t'CailSC Ih_!

NASP look tilt like an airplane, a ]ar_c ill|lilt:..'| {if opcialilllla] advalilages alid radically

]owel o])cralional costs were clainlcd [Tit il. l_711tltl-lllllall!])\ these wcrc principally

9. Note lh_ll ihe dOrlllliiqllS tOIIo',ving this essay arc ill)( ncccssaril_ in {hi mi(ih>14ical <ird¢i:

10. I-'llr a review ot tile laun_h vt'hi_'lc silualilln duiiil_ ibis linty' l)miod, sec U.S. (:llntgress, ()tlice ol

17.'{ hii_llogr_ ._l_,_;l'SSllli'llL /|f##_ If> ._7*flU': th<' lult.#_" <,If LN..v,/x.+_' 7}*t._lx.lt.lW.._,,_#'.1_, ()TA-I%(:+.tl F> l_,_anllinglon,

DC: trY,. (;ovcliiliiClll Plinihig ()ll]_/., :\pril 19911), _llld Vi(t_' Prcsidcnl's Sl)_ill' Policy Advisolv IIHard, "lilt

Piilllrl' ot Ih¢' U.S. %t)a{c Lallnch (:apalliliiy," _'o%l'llilllT 1997 {pails _lt _vhi( h ai)i)/'al ;is t)lll illnelll [\'-Ii all lhc

end _ll lhi_ { tiat)l_'i t.

I 1. Fi_.d ] Iiall, ".%l:,a{ e [llanl • ._,IIHIN i)n r¢'a_all's Stll>F.Ol t." 7D+' 1171s/linAr/o/I IhJ_t, Pt'l)rualy f.i, 19PI('7, 1). ,\t.
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undocunlcntcd assertions. Nonetheless, being airplane-like, tile N:ZS[ ) concept atlntcted pow-

crtid hacking becausc it was intuitively easy to grasp. The nation tooled itself into believing that

because the NASP image was what was desired, tile rcality iLself was fllerctin-e amfinaMc.

While the NASP technoh)gies could also he used fin single-stage rocket vehicles thai

would bc tar easier to develop and ottk'red the same or even greater cost reduction poten-

tiM, advocacy politics surrounding Ill(' l)rogranl were fierce--and effetlively SUl)presscd all

dissent. For several years, many at NASA and in industry could nol publicly voice any

d<)t|bts about the NASP or any SUl)port lot SSTO rockets for fear of h)sing their jobs.

l)ul)i<nls security classitication existed around st)me NASP propulsion concel)lS, which,

while douhtlcss protecting st)me U.S. contpelitivc advantages fFom other nations, als<)

Un(lUcsti()nably served t<) diminish pul)lic debate ()vet- the merils ()f the COIICCpl.

|)art ()f the reason fin + tile acceptance <)l the NASI ) was liom a mislcading "figure of

Int, ril" that was being promulgated hv its advocates. This was that because thc vchich'

olmmtcd muctt of its oxygen from thc atmospl'lcrc, il could bc signiticantly lighter than
an SST() rockct velficlc, which has t<) carry all its oxygen in a tank. While this is a lruc

stalt.lnclll, it is not a meaningful one. The Stl'nCllIFC and pr<)pulsion system <)f the NASP

had to he considerahly heavier than that of the SSTO rocket to survive the much lengthi-

er and higher heat and dynamic h)ads inberem in a cruise type air-breathing vcltMe.

Furllwvmore, increasing the size of the ahcady large hydrogen tank conld only ofl_sct the

resulting large drag losses. Thus, the empty weight <)f the NASP was 1)<)und lo he consid-

crahly greater than that of an SSTO rocket, even though its gr()ss weight was indeed less.

The significance of this is fundamental, because hofla the deveh)pment and produc-

tion costs of any launch vehicle are based mostly <)n ils empty weight, not its gross

weight--the gross weight depending mostly on prolx'llants, which arc relatively inexpen-

sive. Therefore, the NASP wonld inherently be more expensive t<) (levch)l) and huild than

an SSTO rocket and would have dttbions operati<)ns cost advantages. Nonetheless, Ihc

arguments in favor o1 lhe NASP were not cha.lhrngcd f()) _r('_'S, _I_(I this SOl back progress
on a more acttievable SSTO rocket launch velticle hv ahnost a decade. [IV-I 0]

During this period, rite overriding financial realtry was fllat politically well-supported

space programs such as the NASP, SDI, and Space Stati()n Freedom, along with the need

to maintain a stable of ELVs, were sucking up most of tile fmtds availat)le, leaving liule

tim(ling fi)r new activity. The inevitable result was that technology" prt)grams sutti'rcd lhc

most. Study after study, such as NASA's internal Space Shutfle-ll conceptual definition,

sht)wed tllat major cost reductions in launch conld only be realized hy rcusillg the hard-

wart', nol throwing it away after one useY-' Nonetheless. ntainly because of budget prcs-

smes, the conclusit)ns of none of these studies wcrc l)msued scri()usly ()r rcsuhcd in

signilicant tcchnolob, D' tin)grams.

There was one exce|)tion to tllis generalization: the Dcha (:lil)per (D(;-X) 1)rogram

imdcrtakcn by the Strategic I)cflrnsc Initiative Organization (SDI()) during the 1990-93

period (Figure 4-2). Visional T advocates of a rocket-based SSTO vehicle sncceeded in

198(.) in convincing Vice President Dan Quaylc, as chair of the newly rcconslituted

National Space (:ouncil, that such a vehicle was feasihlc and could hc used 1o deph)y key

eh'mertls of tilt! flten-ctnrenl SI)I system, After an in(tependcnt review hy tilt' Acrospacc

(:Orl)oration vcrilicd thc potential feasit)ility of the concept, tile SIll() lct contracts, first
li)r a stttdv and then f(n a st|b<)rl)ital demonstration <)f the ol)erati<)nal concclXS associal-

cd with a rockct-pt)wcred SSTO vehicle, l)lans wcrc to movc toward an advanccd leclm()l-

og 3' <)rhilal vchiclc, t)ul ()nce l]te Soviet Uniot) collapscd and ballistic missilc <tclk'nsc

concepts were revised, there was insufticient funding availahh" to cominue the ])rogram.

12. See, tot ('xaml)le, O[ti( e otTechn<)h)gy :kssessmcnt, A_cess toSpate.
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Neveltheless, lhele wele a num|)er of stlb-

orbital detnonstrathm flights that attracted

widespread attention. I IV-I 1, IV-12, 1\7-13]

With this inlpOllalll excepti<m, there

was nothing happening by the early 1990s in

the launch vehicle area except a seemingly

endless sel of starts and slops oil El+Ms, as

well as poorly |traded teclmoloD+ programs
that would never result in technology

mature enough to hc taken seriously as the

basis for starting a.more adwmccd vehicle.

An attemp! to increase lhe payload capabil-

ity of the Space Shttttle into higher orhits

was undertaken, starting with the dewqop-
men| of a version of the Centaur upper

stage to lit in the Space Shuttle payload
bay. '+ This activity w,ts eventually scuttled

|)el.Tarts+." of s3+fot'¢ (7OllCelllS slC'llltlling |1-o111
the (_entaut"s basic common-bulkhead tank

design and [+rOlll the ditficuhies of dumping

propellants in an abort situation.
A nunlber of upper stage studies tol-

t.)+q+uw4 2. Au aHi+ti++ou+'el*li+m,/the Mcl)onnell lJouglas
DC XA vd;icle. (XA.+'/Aph,to 95 H-672)

lowed to dethm new and better uppe,

stages to be ttsed for orbit insertion and orbit-<)tbit nlanetrcering. (;hie| among them was

a proposed joint Air Force-NASA hydrogen/oxygen shorl ttpl-_,er stage called the Itigh

Energy Upper Stage. h was intended to lake as litlle room in the Space Shttttle payload

bay as possible, with letlgll+| equaling tlight charges, as well as to he compatible with tlying
on' ELVs. This COllCe|)l did ItOt pl'ogl-ess beyond the ea.lly detinition stages, parlially

becattse of budget woes and partially because of concerns lk_r the ability to manage a joint

NASA-Air Force pt+ogram.

Finally--More Studies, Then Action

By the eatlv 1990s, the realization that something had to change to make major

progr_-ss in space launch resulted in two seminal studies. The first was the "Access to
Space '+sludv conducted by NASA. [IV-I 4] This was followed shortly by the "Space I+aunch
Modernization" stttdv by the Air Force. |IV-15| Ahhough conducted by their parent ot+ga -

nizations, each of th_,se'studies had significant participation from the other agency.

+Fit{: NASA study was the first post-Nl+S study to seek impat+tial conclusiotls on the type

of vehicle |host approp,iate to develop. It set out to dew'lop an "apph's-to-apples" com-

parison of three main space transportation optiotls fi)r at least the next twenty years.

These options were as follows:

1. +1'o ttl)grade the Space Shuttle and to continue to rely on it for the bulk of payloads
and missions

2. To develop a new, mostly expendable vehicle with all improvements and techniques

to make it as low in cost as possible

3. To develop a new technology', the reusal)le launch vehicle, which could he either ail

hreathing or rocket powered and with one or two stages

13. spi_cs, Iha,ud Ih,rl:ou+, p. 22:5.
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This study was organized fin" maxinmnl (red(hilt!y, with Ihree internal advocacy teams,

one tor each approach. This resuhed in each of tilt" three advocacy learns giving it lheir

"best possible shot" in putting tbrward arguments in favor of their assigned concepl.

The "Access to Space" study was completed in late 1993 and made i)uhlic in early 1994.
Its results were unequivocal, hnproving and upgrading the Space Shuule were cos/Iv and

unlikely to resuh in any signiticant cost savings. Mostly expendable vehicles, no matter

how defined, were incapable of reducing the cost of launch hv more than ahotli )_;(lio B0

percent from then-current levels. In contrast, reusahle launc|l vehicles held the promise

of being able to reduce the cost of launch hy ahnost an order (if magnitude.

Within this reusable launch vehicle calegol); anoflier apples-to-at)pies compefilion
was held between NASP-type air breathers and pure rocket SSTOs. The resuhs were also

unequivocal. When conipared using the same ground rules, pure rockels had ahout half
the cost to develop and produce than air breathers, were considerably less dift]cuh to

achieve because they required far less demanding technology, and cos! a'bont the salne It)
operale. (;(yen these resuhs and conchisions, the NASA study recommended (hat a lech-

nolo_, maturation program tot SSTO lockels t)e undertakt2n and Ihat a flighl demon-

stration vehicle be huilt to validate (he technologies acting tt)gether in acttaal tlighl.
The Air Force "Space I.aunch Motternization" study, dubbed llle "Moornlan Siu(tv"

after its leader, l,t. (;eneral Thonias Moornian, was starte¢t when NASA's "Access Io Sl)ac_,"
sludy was ahnosl complete. It drew on the NASA sitidv and other prior studies and exam-

(ned a siinihu spectrum of vehicles, h also include_l addilional DOI)-specific require-

ments, h canle to uiany of the same qualitative conclnsions as the NASA study; however,
its recomnlendations were nlore conservalive than those of NASA were. The study rec-

ommended that a new generation of El_\'s he pursued. These vehich,s wouM evolvefrom

the then-current EI,V fleet, with the advanced tet'hllology reusahle vehicles being reh'gal-
ed to a fllture tecrhnology activily.

The principal reasons given tot this conclusion were that the EI,V developnienl cosls
and technical risks were Inuc]l lower than !ht;,se of reusable vehicles. While both reasons

were true, this resuh wits noneiheless also consistent with still-prevailing Air Force views

that exl)en<tabh, vehMes were "the (inly way It) tlv." (;rearer saxings in eveniual operating

cosls fronl reusable vehicles wele sacrfliced io ot_lain an earlier and less expensive devel-
Ol)ln('ll I progralll.

The Moornian siudv recognized lhal ahhough the cos( re(hictions front upgrade(l
FLVs thai could be expecled were relatively modest all(l ill lille with illtlSt! t0recasi hv the

NASA "Access to Space" sludy, lower risk anti cost and earlier capahililv were, from a I)()l)

perspective, mandatoiy and thus deciding tatlots. Even (hough the Aii; Force officially rec-

ognized reusahle vehicles as eventually heing more desirable than exllelldahlc veh'ich.s,
they were relegated it) a fnture gr_lwlh'capabilily. The evolved El.\' rcconllneiided h'_ Ill(.

Slildy was (hits linderstood lo he, in a signilicanl Selise, ;ill "inlerini" capalfiliiy.
.'hi.nlajor OlllCOllle Of these two studies hv I)OD all(t NASA was ihe issuing of a IleW

National Space Transportation Policy hy (hi" White lh)use in Augusl 1{t{t4. [IV-16] The

most inlporlalil aspect of this docnlllenl was Io recognize thai the difli'renl approaches hy
NASA and I)OD ca(he fi-t)ill filndaliientally (lit]7.,relll orielllalioils all(t consliluencies, alid

iilus it was in the national interest io allow each organization Io go its OWII wa}t The poli-
cy assigned io DOD the responsihiliiy of devehq)ing evolved EIX"s and it> NASA the pur-
suil of reusal)le launch vehieh!s. There was io he cooperation in lhe iechnolo_5:
develot)Ineili progralllS o1 hoth agencies.

Tiffs resuhed in lwo niajor and difli'reni progranis being rapidly slaried. The Air
Force lnoved ill hegin the Evolved l']×[)en(lahle Lainlrh \:chicle (EI:A.V) i)rogralll, wilh it
goal of creating a nio(lulal- falllily of IlCl(v I_| Xrs with the cost goal of ,_0-])el'Celll reduclioll
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of launch costs t)ut a minimum reqtfirement of 25-percent reduction. '_ These new EELVs

would replace the costlier Delta, Atlas, and Titan vehicles. NASA started a broad ground

technology program to develop all the needed technologies for SSTO rockets and a scaled

flight demonstration program of SSTO integrated technologies. This latter program cen-

tered on using the DG-X (renamed the "Clipper Graham" after retired Air Force General

Daniel (;raham, who had been a leading advocate of the concept), the vertical takeoff and

landing vehicle originally started by the SDI() 1)ut taken over by NASA in its new lead role

with respect to reusable vehicles. Unfortunately, the modified DC-X crashed during an

early flight test, and it could not be returned to service.

In response to the new National Space Transportation Policy, NASA also initiated the

X-33 program (Figure 4--3). The X-33 was to be a half-scale demonstrator for an eventual

reusable launch vehicle. The X-33 was to be dewqoped as a cooperative venture between

N,MSA and industry; this was a major change fiom prior launch vehicle developments,

which were totally flmded by the government. [IV-17] In 1996, NASA chose Lockheed

Martin as the industt T contractor for the X-33. This selection was in part based on the firm's

design and business plan for a full-scale reusable launch vehicle, which is to be a commer-

cially developed and funded vehicle, known as VentureSlar, capable of providing launch

services to NASA and other cttslonlers (Figure 4-4). NASA has also started the X-34 pro-

gram and awarded a contract to Orbital Sciences Corporation to demonstrate key tech-

nologies applicable to fimlre low-cost reusable launch vehicles (Figure 4-5).

A number of privately fimded launch vehicle programs have also appeared in recent

years, aiming principally at capturing a market share of the smaller satellites characteris-
tic of recent NASA and DOD efforts and of the muhisatellite low-orhit communications

constellations that have appeared recently on the scene. Two of these private develop-

ments use new approaches, if relatively conventional technologies. The tirst is the Pegasus,

an operational air-launched small vehicle; the olher is the Kistler K-I, which is a larger two-

stage reusable vehicle." _qfile the Pegasus has so far been successlul in its intended small

payh)ad market niche, it is an exttemcly expensive vehicle pc, pound of payload. The

Kisllel-is an ongoing deveh)pmtml that aims at halving the cos! of EI,Vs, and it is com-

ph'Icly privately luntled.

I,I. ( ;('nClal ,'\c(OUllfi ng ()tli(e, t-voh'r'd

I';xpe_Mrthb' I.aum h __'hic[*': DOI._ (htidam_e Needed Io PIotect (um_n m_'p_l i_ h_tet_t. ( ;A( )/NSIA1)-98-151 (Washit_gt(m,

1)(;: U.S. (;()w'rnment |'rinling ()ltice. June 11.1!1!18). pp. I-3.

1.5. F()_ mo_c infi)rmati(m (m the Kisll('n im!jv__, _._. "Kistkq Aerospace" tile, NASA tlismrical Ret_qwn(e

( :_lh'_ li_ m, N,\SA | lisl_p,' ( )tlict'. NASA t I('adqUall_.vs. D,';tshingl_m, I)( :.
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In ;l(hlili<m to the above, SOllle other- extremely cnCOUlaging recenl evtqHs arc uilder

way, with many small cmrcpreneurs starling to (ltwelq,>p small reusable launch vehicles. _''

These were started ill Ihe hopes of caplllring Si)llle of the llCW low-Earth orbi! conunulli-

cations satellite nlarket, hut they are also o[t}'ring many immvative inlroductot_qevel

potential services, ranging fl-onl public space travel (space lomism) to last package deliv-

ery an)a_,here in the world. A number of di|terent technical approaches are being pursued

bv these ventttres, which include Rotary Rocket, PioneeL Kelly, and others) 7 This is an

eXll'elllely encouraging developnlent, ;is Ilw Irue era of space enlrt,prellcurship st'elliS IO

have started.

I listory leaches lhat such entrepreneurial involvement is tl'om where the real service

improvemerits and cost reductions come. Alier a lengthy period of stagnation ill new

space tlansportalion developnlents, lhe outlook for lhe next decade, with comt)incd gov-

erllllleIlI and private-sector involvement, is Ihus eXtl'elllely promising.

I(_, ,\n cxumplc is Rholou, In(., whi(h is dc_ch_piub_ a rc_oluti_mal_ loire", icl(kcl dial will land widl hcli

t I)l)lt'l" |)LLdcs ii|thUl [h;lll _1 p;ll;i('hllIt',

17. See, tbr cxample, Robert Pearlman, "Space Tourism: A ( ;onsumcr's (;uide," Ad Astm, May/June 1998.

pp. 22-27; (hegg Mm",niak, "X Prize Update." Ad ,l_tra, May/June 1!)98, pp. 30-36; Swwart "[.tgff,mI, _R_)_kct
(]hiulgc," Wiwd, Ocml)t'r 1998. pp. 139-44,202.



_':Xl'l+{}RIN{; 1'1IF,UNKN{}WN _ I B

Document IV-1

Document tide: The White House, Fact Sheet, "National Space Strategy," National
Security Decision Directive 144, August 15, 1984.

Source: The National Archives, Washington, D.C.

._}]mcepoll 0, i._su_ during mo._t o� 17mmhl Ib'agm_ :_ admi_d_lrali+m were add_ssed b_' a .%gdor

I_lem._rem). (;roup (_{}Tmre)operati_q¢_ wilhi_ thr /ramework o/ th,, Natio_/al _%_uritv C(mm:iL Between

198 7 a ml 1998, thi_' g_'oup Mued a _tu tuber o/ polic_, di_'r'tiv:_: 7he major pu_/)o._e O/ this di_'_ ti_,e

wa._ to _el out the comprehends]re primiph,.s to .qv,vertt ihe I¢ea&ra_,a¢tmi,i._l_ntio_/ :_ approach to major

._pace i_sm_. 77re di_vclive rdw, co,taim,d tD,' /h:_l "'po_l-._'/_ult/e'" call�Dr cxamh?in.&_/De tecDno/o_qe_
that wouM D_,m'eded ]m/uture Vm_e laumD _3_.sl_9_t_.

II1 FAt :T St IEET

National Space Strateg 7
IN'I'R()I)U(:TI()N

()t) August 15, 1984, the lh'csMent al}pr<vced a Nali<mal Spa<`<`, Strateg 7 desigt)<,.<,l to imlfle-
meul the Nalional Spat<,+ Policy, as suppl<,'t]wnl<,,d ]+V thv PresM<,+tit'.s 1984 State <}f the

Ulliotl A<,t{h+<,.ss.The strateg,_, ](It'hi]lies svle{led, high'l)rioritv cffi}rts _u){t I{+sl)on.'+it+ililies,

titi{l provides implem<,mtali<}n plans fi}r m_lj<>r Sl},i<,-epolicy (}lije<,.tives. This strategy is c<}n-
sisletil wilh other si)ace-relat(, d Nalioiial Set+tit]iv I)ecisioll Directives and other
A<,hilillisiialilin l}olicies. A Stliiilliai+y lit tile sli'alehrx ',s t_OlilelllS is pl+ovid{,d below.

Tt IE SPA(:E TIL.XNSPORTATION S_'STEM (STS)

- liistux" Isic] routine, cosl-efft,ctiv<,+ a<,'cess io space with the STS. +Flit, STS is a critical

[.icier ill IIlailllailling U+S. ]ead<,q-shiF, ' ill actollll}lisiiillg the basic goals of the Na.lioila[

St}act' t'olicy, aild in achieving a i}criil_ili{,lil iil_inned pi<,!s{!ilcc iil st}act,. I1 is the prilll_ll+V

space ]atilich s)'st<ell] for I)oth lialiOli;il scciiriiv aiid civil gliv<,'i'lilli<,'iil lilissiollS, +-{ssuch',

NASA's first [lriorily is lo lll_tke lit(.! ST_ f'lilly operational lilid {<}sl-effeclive ill ])roviding
I'Otllille _]C{+<C_;S Io sl}ace.

hnplcmcmation: The STS program will receive sustained commiln]<,qHs by all atl_wt-

ed departn]<,mts a]]d agenci<,'s. Enhamcments of STS op<,watio]]al capabilily, ut}per stages,
and cflicieiit hie]he(Is o["del)h}ying au<,l ]eli+]eying pa'¢loads will he pursu<,,d as national
r{+<,lililell/<,,lllS it]{' def]lic<,l.

NASA aiid De|}_tilin<,,lil (}t D<,_feiis<,,will jointly ]}rei};l+re a report lhal (let]lies a fiilly
OliCraliollal a]]<,I <,'<}sl-t!flT.'cliveSTS all<,l spccifi<,,s the stcf)s lead]Jig Io thai slatlis. This will

t}e l)rel}ai-<,_{[ alld stlbniitied for le'+'iew by the Sell]or hlterag<,.ii<,w (trout) for Spa<,'e--
SIG(Spac<,_)--no later lhan Novt+nlber 30, +]984.

Thv $TS will be [till), operational t)v 1988. ()11 ()clol}er 1, 1988, prices |{}1 STS services
alifl callabiliti<,+s t)rovi<l<,xl to COlllllleici_t] {tll<d [{}reigil tlseis will lef]cct Ill(' full <,:ostof sil<,'h

s<,_l'vi<,'esalid capabilities. NASA will <,teveh}p a tinic-l)has<,xl tilai] for illit}l('tii<,'lllillg full cost

i'ccovei'+v |{)r fCilillllercia[ an<,l t+<)reign STS flight ot}{+imi<ms. Ai it iliilliillllln, this plan will
iilcltid<,, i{n {}])li<}il for full (:()st I'{.'('<,)VOI_' fOF C<,)Ilullei'<,'ia] and fOl'<,+igll flights which OCCIII"
alicr O<,:t(}t}cI" 1, 1988. OMB [()fli{+<," (}i" Maliagellielit allfI Bu{lget], ill COlistiltatioll will]

[the l)<,'[)ai'ltii<,'iil {if C{}]ntnerc<,_], [th<,c l)el}arliitei/i o1 Ti+aiiSl}or-tation], D{}D, NASA mid
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other ;.:tgcncics[, I ',still pr,,q)are a,i()int assrssmem o1 tt1¢" ability of dr,." rul.S, privaW sector
and the STS to maintain international compclitivencss in the provisi(m ot launch services.

This analysis shoul(l inclu(le an _tsseSSlncnt of all factors relevant lo foreign EI,Vs, U.S.

ELVs and' the STS. NASA will keep OMB fttllv apprised of the [2] elements of its time-

phased plan as it is being devclope(l, Both the {ime-phased plan and the OMB analysis will
be submitted for review and comment t)y the Sl(;(Space) and the Cabinet Council (m

Commerce and Tea(to no lalcr than Seplcmber 15, 1984, and subsequently submitted for

the President's approval in order to permit their consideration in the (Icvclopment of the

FY 1986 budget.
The Departmrnt of Dctk'nsc and NASA will jointly condttct a study to identify launch

vehicle technology that coul(t be made availablethe use in the post-1995 perio(t. The study

should bc completed by December 31, 198,t.

TI 1E CIVII_ SPACE PRO(;I,L4M

- Establish a permanently mamwd I)rcsence in space. NASA will develop a pcrmanem-

13 mamw(l Space Station within a de('adc. The (tevelopmem of a civil Space Station will
tinthor the goals of space leadership and the p¢.aceful exploration and use ot space tbr
lilt' 1)encfit of all mankind. The Space Station will enhance lhc (levelopmcnl of die com-

mercial t)otrntial of spa(-r. It will tacilitalr scicntifi( research in st)a(c. It will also, in the

longer term, serve as a t)asis lot fulurc m_jor (ivil and (,ommcvcial a(-livilics to exph)rc and

rxph)it space.

hnplemenlatiotl: ,,ks a civil program, the Spa(c Station will bc ttm(lc(t and excculcd
1)v NASA t)cgimdng in IW 19S5 with thr goal of the cstat)lishmcnt of a t)crmancnlly

n'lannc(t prcscn(e ill space wilhin a decade.

- Foster increase(1 internati(mal cooperation in cMl space activitic_s. The U.S. will st't'k

tnutllall'¢ betlclicial intcrualitmal participation in its (ivil and commercial space and space-

rclatc(l ])rogratns. As a cctllcr])iccc of this priority, the U.S. will seek agreements with

friends and allies to p,trticipatc in the dcvcl()pmcnt and utilizati(m of the Spa(c Station.

lmplcmctmttio11: NASA and |he l)eparmwtlt of Sial(! will make ('vcI 3' (,|[()ll |() obtain
maximum muluallv I)cnrt]cial tbrcign participali(m in the Space Station program, (onsis-

tent with lhc Prcsi(Icntial Colnmitmcnt toe international participation and olh(!l" gui(I-

ante. The l)ro_M ol!jc(livcs of the IJnitc(l States in imcrnalional (()opcrati()n in spa(c

aclivides arc I_ l)ronmw foreign policy (-onsi(Icvati(ms; a(Ivan(r hall(real scirncc and tcch-

nolo_w; maximize n,_li(mal economic benefits, including (lomcsli( consi(lcradons; and

protect nalional sr(mitv. The suilabil ty of each (-ooperalivc spa('c a(livitv must bc,ju(l_ed
wilhin the framework' of _dl these objectives. C(msistcnt with Ihcsr obirrtives, Ihc

SI(;(Spa(r) will review all tnaj(>r policy issues raised by pr(q)<)sed agrcelnelltS t_>1"interna-

tional palticipalion <m Ilw Spare Stali(m I)r()gvam prior lo c()mmilm('nts I)v the I!.S.

( ',oVt+l'lllllt'llt,

I:',l - l(lentit_' major long-range national ._oals 10t the (ivil spa(c program.._l_i(,t hmg-

range goals for the civil sp,wc program are cssenlial to met'ling Ihc national commitment
lo maintain l_!nilc(l States Ica(h'rship in spa(e an(t to rxl)loit space fin cc()nomi( and sci-

cnlific bcncfit.

lmplemcntation: In accordance with ihc FY 1985 NASA Auth()rization Act, the

President will appoint a National (]ommission on Space to fornntlate an agenda tbr the

United States space program. The (-ommissiou shall i(tcm t_' goals, (_l)porlmfilies, and



ExPI ,( )RI x(, TI IE [ !NKN( )WN 5 ] ,'_

policy options t¢_1 United States civilian space aclivily lor the next Iwen[y years. Upoi] sub-

mission of the (:omnlission report to the President, the ()tlice of Science and Technolog 3,

Polic> in cooperation with NASA and ()llli, H appropriate agencies, will review the I'C[)()I'[

and will provide their conuilcnls and rccolnniendations to Ihc Presidenl through lhe

Sl(;(Space) within 60 days of the subnfission of Ihe (:onunission Iepovt.

- Insure Isic] a vigorous and balanced pro,_ranl of civil scientitic research and explo
ralion in space. The U.S. civil space science progranl is an essential elenlen! of U.S. lead-
ership in space, a vehicle fi_r scientific advancement and long-term econolniC benelils,

and a vahlable opporlunity t_;-ir international coopelatiotL

hllplcnlcniafion: NANA and _thcr allpropriatc agoraits will conduct lhcir activilics in

a IllallllCr thai will Illainlain a vigorous and balanced plCigl_l.lll of civil space research and

exploration. NASA will explicilly t_tclor I]le broad spcc[I'IlIII of capabilities necessaiT lor

space science illlo ltlC planning and deveh)plncnt of itlc lllallllCd S[);.I('C Station all(i will
iml)lcmenl those plans in a manner thai will lend sial)lilly and conlinuily Io research in

the space sci('nccs. Furlhermore, the Office _t Science ;{rid "fi'chnolog_' Policy, iu con-
.junclion with NAN,& and other apl)rOl)Hatc agencies, will review and dcliIlC the goals and
missions of the various civil agcncies in the area of eavlh sciences research and will pI(_-
vide their recoiniilclidatiolis ill a I('])orl lo Ihc SI(;(S[)acc ) by/\pril 1, 1985.

(:()MMER(:IAI. SPACE PRO(;RAM

- Encourage coninicrcial Expendable Launch Vehicle activities. The U.S. will encour-

age and t:<Icilhaic coniiner¢ial cxpendal)le lauuc]l vehicle optqalions. U._. (;ovcrnlni,nl
policies will plOlliOle (Oilipetiiivc opl)orlullilit!s fi)r coinilieicial ext)elldabh, launch vehi-
cle o])eralions and illininii/i! govcriinienl regulalion of Ihcse aclivilies.

Iinpienientalion: Thv Deparlnicni ofTi-ansl)ol-lalio n will caITv oul Ill(" iesl)onsihililics
assignl,d by E×ecuiivc ()rder 17463 on (]oninici-cia] IZxpendable ],aunch \iqficle Aciivilk's.

Hi Apl)i-oi)riaic ai_('ii('iCS will Wolk with l ihc] |)el)aillncill of TlanspOl-lalion Io cncoilr-

agc lhc U.Y,. |)rival\. sc(l()l dt,velO[)liiClil of COlliincrcial ]auilcli o[)clalioliS iii accoidailc{,
wiih existing direction.

The {!.S. (;OVClnlllCili will llOl subsidize the ('Olnlllcrcializalion o[ EIX,'s bill will ])li('{,
lhc list _l[ its tiicililies, eqliipnienl, alid services t)v COliiini'lcial EI,V operalors consisit, nl
with ihc goal ot CliCOiliagilig viable COllililcrcial I_![,'%: [atlnch aIciiviIics in a(coldali(c wilh
exisling diicclion.

- Sliniulale private seclor conlmcrcial space activiiies. 'l'_ sliinulale private sector invest-
Ilienl, owneisliip, aiid opelalton of civil sl)acc assets, Ihc U.S. (;ovcrnliiCnl will |Ttcililale

piivalc sc(lol a((-cs:-; [o civil sf)a(c SVSIcIIIS, alld cncl)lll{l<_C Ill(' private, s('(l()l 1o IllldCltakc

(:()lIllllCl(ial spa('c VCllltllCS witllout direct Pt'litwal sul)sidics.

|nil)lcnicnlalion: The U.S. (,ovcrnnicni will hike lhe following initialivos:

- Econoniic Initiatives. 'l]lx laws alid regulations which discriniinale againsl COlit-
lileicial si)acc venltlres necd Io lie chaiigcd or cliiiiinaled.

- Ix'gal and Relulatory Initiatives. Laws and lCl4"utaliOliS predating space operations
necd io |)c Ul)dalcd Io accOlilinodalc space commci-cializalioll.

- Rescalch and Devt-lopnieni Inilialives. In parlnvrship wilh iildUSlrv and acadenlia,

[the l gOVel-lllllell[ should expand basic researc]l and develOi)lllenl i_,,llich Ilia)' have

iniplicatioiis tor invesiors aiming lo dm_elop cf_mlnercial space products and seiTices.
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- Initiatives to Establish and Implement a Commercial Space Policy. Since com-

mercial developments in space often require many years to reach the pvoducti(m

phase, ell|lel)felletllS llee(l ilsSitlallces of cottsislellt gOVCl-Illltelll actions arid policies

over long periods.

NASA, I the ] Department of(;ommerce, and [the] l)eparlmenl of Transporlalion ;dl

have roles and will work cooperatively to develop and imt)lenwnt specitk measures to los-

Ira the growth of private sector commercialization in space. A high level national fi>cus tot

commercial space issttes will I)e cteated tln-<mgh estal)lishment of a (;abinet Council on

(]Ollltnelce alld Tl-ade ((](](]'I') Working (;roup on the (]ollllttClc'ial Use of Space. The

Sl(;(Space) will continue its vole of coordinating lhe i,nplemenlation of policy tol the

overall U.S. Space Program.

[5] NXI'I()N_M+ SE(;VRITY SPACE PR()GIL-kMS

- Maintain assured access to space. The national security sector must pt,rsue an

improved assured launch capability to satist\ two specilic requirements--the need tot [at

lattllch svstem complemc ttalW to tl'le STS to'hedge against t!.nfol-eseell technical and opev-

attional problems, and the need for a launch system stilled Jot operations itl crisis situations.

lmpletnentati<m: In ot+det . to satisl\' the tequi,-emenl lot assured latmch, tile national

scourit'+ sector will pttvsue the use of a+limited numl)tq-of EI,Vs to complement the STS.

- Pursue atn Isicl long-term survivability enhancenler, t t)fogram. The national security

sector must provide lov the suw'ivabilitv of selecled, critical national security space assets

to a degree commensurate with the valtte and utility of lilt' support they provide. This will

contribute to delelTcnce by helping 1o ensure lhat potential advetsavies cannot eliminate

vital U.S. space Cal)alfilitics without considerable expenditure of their owu I+eSOtllCeS.

Implementation: The high priority and emphasis on survivability retlected within lilt'

l)epartment of Defense space pvoglanls will continue.

- Stem the flow ofadwmced weslel-n space lechnolo.k,O' to the Soviet Union. The U.S. can-

not be complacent al)ottl the increasing Soviet e[tolls to erase the U.S. advantage through

vigorous Soviet veseatch and development etlot-ts and through technolob,_' il_.tllslt'l.

Implementation: All agencies of the (;ovelllnlelll will cooperate in otdel + to pfevent

the tvansR'r of space technolog T to the Soviet Union and to its allies, either ditectly of

through third countries, if such ltatlsfet +is potentially dettitnental Io the national secuti-

tv intetesLs of the United Slates.

- (]ontinue to study space a.]-ltlS control options. The Ul/ited ,qta.les will contitltle to

study st)ace _l-IllS CoItll+O[ oplions.

llnplementation: The Senior Arms (;ontrol Policy Group will continue 1o study a

broad range of possible options for space arms control. The studies will be undertaken

with a view toward negotiations with the Soviet Union and other nations, coml)atible with

national secufi o' interests. All actions will be conducted within tilt: constraints of existing

1 Iealy c()itltllitlllelllS.

- Insure [sicl that DOD space and space-related programs will suppot+t the Strategic

Del_'nse Initiative. In light of the uncertain long-ternl stability of ottk'nsive deterrence, an
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eftort will be made to identit_, detbnsive means of delerring nu(lcar war. The U.S. has

been investigating the te'asibiiilV ()f eventually shifting toward reliance upon a defensive
[6] concel)l. A program has t)['en initialed t() (lemonslrate the u'chni(al feasibility of

enhancing deterrence thr(mgh greater reliance on defensive slralegic capabilities. ;Fhe

Department ot Del?'nse will posture its sl)ace aclMti(,s so its to preserve options 1<)supp(>rl

the demonstration of capabilities as thcx are delined and becon+e available, attd as jusli-
tied by the state-otUthe-art technoh)gT.

;..,n_t'!la+l::fin(t: :':g;,l:ot;s national security space tech,tolo.k,), program to st,ppo +t tim devel-
-t +' " +:_:,' +V tprovenmnts and new Cal)abililies The changing n.lttll+e of the+

world environment presents new challenges al the sattle lime as advallceS ill lechnolo}.,ry
present new opporttmities.

hnplcmenlatiot!: The l)eparlment of l)eR'nse ++'ill provide Sll+Ollg empha.,ds on

advanced lechnoh)gy to respond to changes in the envir<mment, Io improve our space-
based assets, and to provide new capabilities lhal c,tpilalize on technological advances.

Documenl IV-2

Document title: NASA and the Department of Defense, "National Space Strategy--
Launch Vehicle Technology Study," December 1984.

Source: Ivan Bekey, Bekey Designs, Bethesda, Maryland.

"l'hi+ ,sl.gl), _t'(IL] caroled out jointly, by ,\i'lS;A',+- O/lice o/£'pace Iqig/Jl and the ()[rice +!/the 1)epul+,

A_.si.sta.t ,S'ecrelary o/the Air I+bra; /Of Space t'lam aml Lt'olic_, i. the�all _q l 9_¢4. it A i. re._ponse to

a _vquiPemet_t ,+el/orlh in N,S'I)I)-144, ",\'a/ional £Tmce h'htJlegy '" l/ lt'pn',setltt,d the firs? a/tempt it+
ma/,,), ?,,cap:+1,), tar. Iwo prima,3_ £rot,ermnet_l use,,:_ o/ _pace to dgim, pote./ml./uture mi.ssion._, to a.v_e_

Ihe abilil+, tff cvi+litlg It'lllPHh syslem_ to meet I]+me req.ireme./s, a.d Io idenl//+, m'w lechltolo£ffe+ *+ced-
ed Io d_q,e/opme. I @ace ha ..s)mrlalion _y.slem_ Io co mph,.wn / or wpla ce exi_li.,z,_ la .. rh s_'.s/e,,ns. 77w
appe.dice._ to lhi_ reporl a,v m_l i.c/.deil here.

National Space Strategy

Launch Vehicle Technology Study

l)eceml)er 1984

I|]

1. BACKGROUND+

NASA/I)oD Space I+aunctl Teclmolog, 7 Study
Response to

NSDD-I4,t National Space StraleL,:, ),

The President asked the Departnmnt of Defense (I)oD) and National Aeronautics
alld Sl)ace A(hninistration (NAN:\) to ( Olt(hlct a.joint StltdV t(:, identilx, latlnch vehicle tech-

noloD+ that could be made available for use in the post-1995 periot-I'i This was one of sew
eral actions assigned to both organizations as a part of the National Security Decision

Directive-144. National Space Straleg_,. ]'he tbllowing report was jointly worked from the
outset, and represents the cons('nsus of b<)th l)oD and NASA. " "
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DoD and NASA |dent|tied launch needs using representative missions. Neither

agency is commited [sic] to carry nut these missions; rather, they |dent|tied the technolo-

g'3/that would give the country the capability to carl T out such missions in the future.
The actions taken were started in early October, 1984 when the Ottice of Space Flight

in NASA and tile O[tice of the Deputy Assistant SecretmT of the Air Force for Space Plans

and Polio; were designated as local points tot the study. Shortly thereafter, two joint Sllldy

groups w_'re tormcd, with the organizational rept-esentation shown in Appendix 1. The
first grou t) looked at the missions and their space launch capability requirements for the

post-1995 period. The second group exatnined the availability of new technology' during

that same period. Both groups consulted heavily with industo' and internal planning orga-
nizations. The efforts of both groups were melded to form the l'eSpollse contained ill the

l-elllainder of this iel)olt.

The tel'Ill "technology'" as used tht-oughout this report is intended in its broadest

sense. That is, "technologT" includes existing vehicle systems, classical techtmlog'y disci-

plines and related techniqttes (e.g. on-orbit assembly). In this context, both NASA and
DoD consider that current technology will continue to be available tbr appropriate rise

I.).L_. For example, lilt" Space Shnttle will remain tilt' primary tneans of access toal'lel t ( _

space for the Nation until after 2000.

[21 '2. FUTURE I..XUNCH NEEDS AND THEIR SYSTEM IMPLICATIONS

Ill prel)aring this report, the launt]l needs of the civil, colntnel-cial, and nlilital-y space

programs were examined. The time around _200[) is pivotal, [Or that is when systems based

on technolog3' new in 1985 could become available.
The civilian sector's more demanding missions were delined and ale summarized in

Appendix 4. These missions rely heavily on tile Space Station and include plattbrms, ser-
vicing of satellites and platforms at low and geostationaD' altitudes, commercial use of

microgravity, alld several classes of scientilic missions. Manned missions to geostationary

o,bil a,e p,¢_iected arotlnd 9000. After 9000, NASA foresees manned activity at the Moon

and t)evond.
I)(_l)'s 1)tesent and pr()jected nee(Is are also outlined in Appendix 4. In the pre-2000

time frame, lhev inchtde satellites in geostationary orhit, various polar orbiting satellites.

tilt" launch of experiments/prototypes for the technological demonstrations of the

Stralegic Defense Initiative (SDI), and liinited use of the Space Station. Post-P000 needs

relate to operational deployment and support of a Strategic Defense system, phase-in of
survivable launch capability, and potential manned aerospace planes. The need lot

assured access t() space will remain iml)ortant to Doll I)ut the exact means of assuriug

such access will have to be reassessed as plans tot the post-19t-)5 tinleframe solidity.

The commercialized launch vehicle programs do not, for the tnost palt, genetate nor

require llt"_V techuologT. (;Olnlnel-cial b[loslel venttllCS usually lllillilllile cost add sc]le(l-

existing technology' and previous develop nen'ts. "l'herelore, the_ will tendule risk l)vusing
to take advantage of techtmlogT developed by the government or others.

In general, the pre-_()0() mission areas identified do not reqnire development of

advaneed tt ctmolo_', iXccordingly, both DoD and NASA consider that the primmT means

of launch until 2000 will be the Space Shuttle. By the mid- to late-1990s the Shuttle's capa-
bilities will I)e enhanced by on-orbit assembly tt, ehni(lues, especially in conjunction with

the Space Station, Orbital Maneuvering Vehicles (OMVs), and Orbit Transti-r Vehicles

(OTVs). These missions may require significant growth of the Space Station to support

space-based launch vehicle buildup, servicing, [31 and launch and recovmT operations.
NASA and I)oD have fottnd that, of all the missions examined, the |ollowing (llot pri-

miti/.t'd) appear to drive the need tk)r advanced launch and SUl)port systems that would
I)t'nefit lilt" most from advances beyond current technology':
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-- Spacecratt Missions Requiring Orbit TransR'r Vehicles (Manned or Unmanned)

- Assembly and (;onslruction of l,arge Spacecraft in l,ow and (;eosynchronous
Earth Orbits

- Slralegic l)efense Space Systems

- Manned Reusable Systems (e.g. Militaty Aerospace Planes)
- Maimed lamar/PlanetaQ_ Missions

The long-range and large-scale missions, such as manned exploration of the solar sys-

tem and the programs generated by the SI)I, maw require new launch vehicle lechnolo'b, _,
applications tot the post-2000 per)lid. In lhose vt'ars, the potential need also exists l()l a

tanker to carQ, ()l_ r propellants to the Space ,_l'alioII, alld some ['O1"111()[";| heaD'-lifi vehi-
cle lllay lie Ileeded Io SIIppoFI III_UIIlt:([ hlllH.l'/p]_-tlle|;:U'g missions.

NASA believes )hal since large, Illllllalllled Cal'gO vehicles will prol)at)ly be available in
the post-200() timefiame, the possible wealOUt of the Shuttle tleet in lllis timeframe may

make appropriate tile development of a second-generation shuttle configured primaril i,
to fer W pe<)ple t<>the Space Station and to de-orbi[ pe<>plc and cargo.

The launch vehicle needs of the Slralegic Defense space systems will prol)ablv drive

the l)oI) launch vehicle needs, |)tit these needs are, ;is yet, largely unknown. The "poten-

tial needs encompass the spectrum of lauuch vehicle configurati(ms, such as large vehi-
cles, small vehicles and on-orbit assembly, or a comlfination of large and small vehicles.
The difference between the alternatives will be based on economic tradeoflls and Itle

availability and practicality of on-orbit assembly technology,. For Ihe mid- It) lale-1990s, the

plans are for SDI demonslrations I(1 ttse lhe SInHtle. These demonstrations would, how-

evm, benefit fi'om the enhanced operations and performance resuhing fi-om an advanced

cITogenic engine. For the deployment and Ol)eralion of the [4] systems generaled as a

resuh of lhe SDI, Ihe cost of launch will be an importanl, if not one of tile most impor-
tant, co,lsiderati(ms. The solution to dm launch (()sl pv()l)lem ,nay inch)de using current

technologies and techniques in lleW wilvs , using new te(hn_h_gies, or using a comb)hal)on

(If I)odL Firm ct)nclusi(ins regarding {lit" Slralegic l)eli'nse hunch requirements await
architectural deliniti()n anti trade sludies.

Whih. the plll'Stlit (if flew te(hnolog_, is important, st) tt)o is the exl)h)itati()n and fttr-

ther rctinement of current technolo_,. Using existing technology, in new ways and using
previous extensive national inveslments, such as the Space Shuttle wilh advanced cryo-

genic engines and the Cal)abilities of lhe Space Sial)on, may provide cosl-etl¢,('live s()lu-
tions fi)r meeting tuture requirements.

3. TECIINOLOGY THRUSTS

Based (m the vehicle concepts 1() support the missions and needs discussed above

(Appendix 3), DoI) and NASA agree that ihe new technology areas with lit(? I)roadesl

application for accomplishing the missions cited above are the following (not prioritized):

- Advanced (_ryogenic Engine (SSME Class)

- Advanced l,OX/Hydrocarbon Engine ( I-2M Pound Thrust Class)
- Advanced Power Systems

- Advanced Space Engine
- Aerol)rakes

- ReentlT/Recove,-y Systems
- Rol)ofics

- Solid Rocket Propulsion
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Ahhough tile above list is rathet- short, it should be recognized that while many other

techlmh)gical developments may also apply, their range of application is narrower and

move selective. Fttrthevmot+e. for some specific cotl<.el)tS, there are enablinR technologies

which, although lilt!++ ' do llOt have btoad application, ought to be pursued. Experience in

space-based payload +buildup, assembly, seYvicing, and launch and recover),+' operations in

low earth orbit, may identit\ +new areas of development and new technol<_gies to support

missions in tilt+ post-2<)()0 l'hneflanle. The al)plicability of all tile key technol<%_' areas

examined is detailed in Appendix 4.

[5] The proper mix of technologies to lie pursued depends heavily on which cotttses tilt"

Nation will tollow after 1995. Although marly other technologies have been |dent|tied that

might apply to post-1993 launch vehicles, major technological developments cannot be

iustified without detailed system studies.

• An important poin! needs to be made concerning the Nation's advanced technology

base to suppott flit|use systetlls. ['he ttend for tile past decade and a half has been one of

general decline in tile national investment in advanced research not related to some spe-

cific vehicle development. T]le ('lllTent advanced research and technol<)g_' base is al a lnill-

illlt[lll StlbSistellce level. The pl-ivate sectoY has virtually stopped supporting adwlnced

techllolob, _, ill the areas where there.' is lnore Ihan minimal iisk. (_ovetnment investment

in basic research not ,-elated to ongoing devel<)lmlents is a small ti-action of the level it

needs to be if 1)t-eakthroughs in future launch concel)tS aye ever to become a reality.

This study has highlighted st.vetal technologies where I[le payotls would seem to sl)an

broad are:as. To lift'setre tile Nation's supmiority and world leadership in technology',

howevel, other areas of research, although not required at present fol any specitic vehicle

develolmlent, will serve to advantageously broaden the teehnolog T base ot tilt+ Nation. For

example, more emphasis on futldamental research and technolo<,+.,Q,' is needed t_J allow tilt'

Nation to move away tiotn conventional, chemical-based propulsion.

4. (:()NCIMSI()NS

A. (;omprehensive Studies

As a follow-on to this short-term study, a more c<mlprehensive, long-term study should

be pertorlned. The study should examine the missions thoroughly to determine specifi-

cally the launch vehicle si'stetns needed, including not only those systems centered on new

tecl'm<)lo_; but also those etnploying existing technolo_' in new ways. This stttdv will pt+<)-

vide insight |lifo tile payott_; likely to be gained in systelll operations as a result ot invest-

tnent in uew technologD'. Recognizing that, while mission requirements must be generated

independently h_, I)()D and NASA, this study, aimed at lechnolog_' i(h,ntificatiml, can and

sh()uld lie Colldttcted.i()intly.

[61 B. Space T,anspovtati<m System Enhancements

Since the Shttltle will be tile primm T means of access to sf)acc through the 2000 time-

[+rame, it would be desirable to increase its |obits|hess by laking steps to continue Shuttle

availability l<+ the end of the cetltul-y and by improving the tleet's operations and perf<)r-

mance wilh an advanced cryogeuic engine as well as with othel- possible ellhal/celllellts.

(:. lndusttial Base

The currently diminished technolo_' base and the trend that established it cause con-

siderable concet+_l lot the [tttlltC and lead us to conclude that a national commitment Io

:l vigorous research, lechnolog,_, adwmced development and demonstration pr_gratn,
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with adequate con.sideration of pr(Msi(m for major test fiwililies, is necessary to revitalize

tile space launch industrial base of the Nation. Such a program must emphasize aspects

of technology invoMng risks flint may preven! independant [sic] research in the privaw
sector, bul promising high leverage pl)lential tbr fulme space launch svstt'ms.

Document IV-3

Document title: NASA/DOD Joint Steering Group, "National Space Transportation and
Support Study, 1995-2010," May 1986, pp. ii-iii, 1-9, 21-24.

Source: Ivan Bekey, Bekey Designs, Bethesda, Maryland.

National Securi(y l)ecAion l)irective 164, "National Security l.aumh StralekrSt ' "' sig'ned by President
ReaA_an on l"ebruary 25, 1985, which appears in Iblume 1/_!/l(xphn'ing/he ( !nknou,n as l)ocumenl

1L44 directed the l)epartmet_/ q/'l)ffiq_,_e attd ;VA.%I to "]'oit_tl_, study the development o/ a ,_eco1_d-

t,_em'ratim_ ,_pace transportation system. " Thi._ document summ£rize_ the re,_ult,_Of the vea_:hmg ._ludv
carried out in re_[mn_'e to lltal allow'live.

NATI()NAI_ SPA(]1,2 TRANSPOR'E, VFI()N STIL.VI'E(;Y

National Space Transportation
and Support Study

1995-2010

SUMMARY REPORT

PREE'kRE[) BY THE

JOINT STEERIN(; (;ROUP

MAY 1986

[ii]

NAS,_

JOINT STEERIN(, (;R()UP MFMBERSItlP

* Jesse W. Moore, Associate A(lminislralor of Space Flight (lhrough February 19, 19bl(i)

• R. Adm. Richard ti. Trulv, Associate A(hninistrator of Space Flight' (elti'clive
Febl'llal'v ¢1.... O, 19;"]6)

• l)r. William R. lawas, Director, George C. Marshall Space Flight (]enter
• Norman E. Terrel], Associate Adminislralor ti)r Policy

• Dr: l_wmond S. Collada,,; ,&ssociate Achninislv_tlor [or A'eronauli(-s and Space Technolc>g 5,

l)ol)

• Edward C. Ahhidge,JL, Under Se(relarv of the Air Force (through April 1 l, 1986)

• I.I. (;en. Bernard P. Randolph, USAF l)(,l)Utv Chief of Staff; Research, I)eveh>pmenh
and Acquisition

• l.t. (;en. lames A. At)rahamson, 1)ire(l(w, Slralegic l)efense Initiative ()rganizalion
• 1)r. I,arrv I,. Woodruff, Office of the Under Secretary fi)r Deti'nse Research and

l']nginc(,ring (Strategic and Theatre Nuclear F(wces)
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Two Executive Secretaries were appointed to the Joint Steering Group as non-voting

members. Ivan Bekey, Director of Advanced Programs, Office of Space Flight, represents

NASA, and Dr. Thomas P. Rona, O[fice of Secretary of Defense, represents DoD.

Codirecmrs of the Joint Task Team are Paul F. ltolloway, Deputy Director, NASA

l,angley Research Center, and Col. William F. tt. Zersen, ,_ssistant for Advanced l,aunch

Systems, Depttty (;ommander for l,aunch and Control SyslelllS, U SAF's Space Division.
Darrell Branscome, NASA Otlice of Space Flight[,] serves as Mr. i lolloway's Deputy.

[iii 1 FOREWORI)

This report summarizes the findings and recommendations ot a year-long cooperaliw
study by the Department of l)cli'nse (I)ol)) and the Nalional Aeronautics and Space

Administration (NASA). Detailed data, discussions, and study ralionale are presented in

the expanded Overview document and its supporting annexes.

1] 1. BA(',K(;ROUND AND PURPOSE

National Security Decision 1)irective (NSDD) "National Security Launch Stvate_'," was

signed by l'resident Reagan on 25 Ft bruarv 1985. This decision direclive presents guidance
lot hero-term implementation -f the policies delineated in a prior National Security

l)ecision Directive "National Space Straleg_'." The latter NSI)I) staled thai lhe Space

Transportation System (STS) will continue as the primal T space launch system [or both
national security _md civil government missions and directed lhat 1)ol) pursue an improved,

assured launch t-apabililv that will be complementary to the STS to ellSUle the national secu-

rity launch reqtfiremcnls are Inel, The FebrltaQ' 1985 NSDD also specified that:

"DoD and NASA will jointly sludv the development of a second-generation space

transportation system--m_{king tlse of manned and unmanned systems lo llleel

the requirements of :111users. A full range of options will be studied, including

Shuffle-derived technologies and others."

To implement the '23 February decision directive, the President signed a National

Securily Study Directive (NSSD) in May 1985. This tlocunlenl directed lhal a join!
Dol)/NASA stlttdv be accomplished within one }'cat-and delineated Ibm tasks which would

provide the basis'ti)t- a Sl)ace uansportation technolog3' program I)lan:

Task 1. Compile sets of national security and civil space mission classes for the 1995

pe,iod and beyond.
Task2. l)etermine space iransporlation system capabilities which could cost-

effectively support the mission needs specified in "lask 1.

'lask 3. Identify the transportation technologies Ihat are necessary and could be avail-
able tiw 1tie svslems 1o be used in the post-19% r_ pcriod.

Task 4. lktsed tm the 'technological needs and opportunities specified in Tasks 2 and 3,

identity; the technology' development programs needed tor timely realization.

[2] Four objectives or guiding principles were specified tbr the joint study:

• Satisfy the tuture needs of attthoxized users

• Substantially reduce the cost of space operations to the government

,, Develop a flexible and robust space transportation system
• Maintain world leadcrship in space iransportalion
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In preparing ti)r the study, the exisling U.S. space transportation capabilities and
relate<l activities were evaluate_'l. The key h'ssous learned are as follows:

[_1 °

°

The current launch systems of the U.S. represent tile best te(hnolog_, and tim best

operations costs available at their individual initial operating dates. Viewed as an

architecture, lhey have kept tile U.S. in the dominant leadership role in space

Iransporlation. [towever, in planning for the 1995-2010 time period, achieved
plus readily achievable technolo D, advances IllUSt be exploited to ensure that tile
current U.S. leadership posture is maintained.

Tile current systems were originally designed to meet space mission planning
models which never tiflly materialized.

Funding limitations during tile development phases of current systems precluded
existing national launch syslems ti_om realizing fi, ll p_tential "tbr cost effective
operations.

A complementary strategy' (i.e., no dependence on a single launch system) must

be inherent in the national space policy to increase tile probat)ility oi continuous
access to space.

Space transportation costs have been substantially driven by both launch system

and spacecraft designs which require lengthy manpower-intensive, technically

complex, high-cosl integration effi)rts. Too frequently, special spacecrafl anti

launch sysletll modifications and high pertormance (low margin, experimental-
type operations) missions are required to meet spacecraft-unique needs.

The nalion has neither fimded nov maintained a vigorous advanced space tran>
portation teclmolog_, program to improve the operational effectiveness of tile

existing national launch systems nor provided lhe appr()priate technical t()tm([a-
tion tor future launch systems.

The national launch systems indtlstrial base cannot rapidly react to changing
space launch reqttirements and/or adversity.

Sttbslanlial reductions in space Iranspcwtali¢'m costs must be attained if Ille nation
is to meet tim demanding needs of the t_Jture.

Foreign space-related developments ave begintfing to erode the United States'

preeminence in space latmch activities. The U.S. technolog T and system develop-

merit efforts mttst be made in the coutext of vigorous and increasing interna-
tional competition.

2. MISSI()N NF.EI)S

Technolob, _, initiatives must I)e defined in lelllls o[ potential system (oncepls wilhin

the tuture robust space transportation architecture for satisf_'ing'space mission needs.

Theretore, sets (:,f space mission classes have been compiled independently by I)oD and

NASA which reflect potential national security and civil (government and commercial)

space traffic, respectively, fbr the time period 1995 lhrt)ltgh 2010. These space mission sets

are representative only for tile ptupose of identit},ing system capability and related tech-
nology needs, and they do ltOt constitute specilic plans or requirements toy either I)oD or

NASA. Particular atlention was given by' I)ol) to the emerging requirements of the
President's Strategic Defense Initiative (SDI), and NASA consulted wilh lhe Nalional

(;ommissi<m on Space during the development of these space mission sets.

Because it is nol possil)le Io precisely predict the level or nature of future space activ-
ities, l)oD and NASA each developed Ibm alternative sets ()1 projected mission needs
reflecting dif[iqenl space traffic levels. Five combinations of these sets were selected to

ensure that mission needs fiom constrained through aggressive cases were modeled.
These live mission model cases are detailed in Table 1.
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The (;onstrained Case, the lowest proiccted levt'l of nalional sl)ace activity, comprises

c()ntcmporarv national security missions, a low level of SDI experimentation, and a civil

core program. The latter inchMes a [)el+lllHIl('llll_' ill_lltll('(1 Sl)_i.(e Statiom as well as both
domestic and tbreign comp(menls encompassing science aim applicalions, technology

developments, and commercial aclivities. The Normal Growth Case adds some new 1)ol)

])l'Ogl'kHll M_.II+IS,hi)..,.;increased levels of SI)I experimentation, and includes [41 [original

placcmenlt of'l:at)le 1 ] [5] manned civil missions in geosynchronous orbit and hmar sol
ties. The Modest l:,x])ansion./P'arfial-Sl)l Case is principally characterized by the ac|dilion

of a represcntaliw' SD! kim'lic: ener_,_' weal)On (KEW) deploymenl, a second Space
Station, and Mars/_¥steroid sample returns. The Full SDI Case postulates increasccl

emphasis on national security Sl)a(c activities, including vet y extensive SDi ol)eralicmal

del)lovmetlts ofdirecled ener_,_' weapons (I)EWs), and the AggxessNe Civil Case postulates
substantially expanded civil space activities encompassing a broad s[)eqilq+llll of S])_t.CC

cx])loralion and t..;.tl'lh-ti)('llsed _.)l'OKl'_).ll|S.

qable 1. National Space Mission (',ase (]ollstrucli(.)n

Case Civil Option

( :C)NSTRAINED

( O1"(' Pl< )_IHIII

- ()nRoin K Ci,.il l)is_ildinc

-- N(icncc and Appli_a6ot_s

-- q'e( hmdt)gy Dcvchq)lnCnt

- I,E() Spate Station

- Polar t']athnun

- (;EO Expctimt'tlls PlaltOim

- ],l'_() ,'_1)_1¢_' ,%la+ti()ll (howl]l

DoD Scenario

(1992-201()) ( itmstt aincd A( tivil_

- ( ;(nltCml)(n arv Missions/'

S]);ic_'cIatt
- l:)w l,cw'l ot SI)I Expcsimct_ts

1994)

199t)

199_)

1997, 2o03)

N()RMAI

( ;R()_,VI'I I

Basclinw Ihogl ;un

(;i,.il ()t)tioH I Plus:

- (;E() Sortics arm Shack

- (,E() Manned and Automated

Servicing

-- [ AIIIkH _Ol+lit-'S

(2O02, 200,t)

(2OO4)

(20O9)

Nonmzd ( ;rt)wlh

-Adcts Advanced Misni,mx and

New Starts (AI:, Navy, I)NA)

- ln¢ i('ast'd l.cvcl [)l SI)I

Exlwrimenlts

- Adds Advan<cd I)a_hmd/

()l)ct ations,, ,_crvi( ing

( ;apal)ilitit's l),.+',('h)l)m,v)H

M()I)ES 1+

EXPANSI( )N

I'AR'IIAI. %DI

Modest Expansion

Civil ()ption II l'lus:

St'tOlld 1.1'() Spa((" Stati()w

Mars ;tnt(l Astcn()id Samplt'

Rt'ttll I1+_

- Commt+ncial <,;rowth

- ()uarantine Facility

(20()S)

C200,I, 2()<)_)

(1996)

(2OO3)

SDI KEW

- Adds ()l)(+rali<)nal KEW.

SS'I'S D('])lo', mt't;t
- Adds KI(W, SSlS Nctvi<ivtg

Missi< )us

- Reduced l,('xcl ¢)1 SI)L

l(xl)ct imt:ttts

FL l,l+ SL)I

Basclinc l+rogram

Saint' ;is (:ixil ()l)tio_+ II ;d)()'+c

Full SI)I

- Adds ()l>crationud I)EW

l)cl)h)3 nwvtt, St'vxi¢ in g
+ Tran:+,itiott t()Ad,,alwed

%S'I'S,
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Case

A(;(;RI(,"qSIVI_:
(:IVll.

Ci_lOption

Agglcssivc Expansion

Civil ()plhm Ill Plus:

- Earlier I)(,l)lo_:inClll Daws tot

Mosl Prl)lz, rams

- lamm Surlhce Cam t) aml {200ti, 200N)

()Hill Slaliou

Mmmcd Mars Mission (2012)

Btdldup

Nuclear Waste l)isp+_sal (199_)

(Sola! Orhits)

- Third I.E() ,";pace ,";lamm (2007)

- Spac('-Bast.d Em'rg_ (2007)

- Public At('('ss (_008)

- Exlended (:ommunicalious F21R)I )

DoD Scenario

Normal Growfl_

_ill]l(' ;iS DoD _(('ll;iri() 2
il|)OV('

Significant transportation requirements derived from flat" mission models arc:

161 •

• For any of the tivc cases, lraflic to orbit would be higher lhan present day h'vcls,

both in lerms of weight to orbit and t}equcnc'¢ of tlight. Spacecraft, payloads,

tlight crt'ws, and ,servicing materials to bc ort)iled range froln approximawlv
1.25 to 1.75 million pounds annually for tiac lower activity level cases

(Ccmstraincd and Normal (;rowth) to up_varcls of 5 million pounds ammally for

Ihc FuI1-SI)I and Aggressive Civil (:ascs. The orbit transtiw system tOTS) weights

necessary lot transporting scleclcd iwms l)cyolld low earth o;bil (I,EO) represent
a sizable addilioual II'all.";pOlli.lli(Hl lIocd.

• The hall(real securily and civil space missions bolh involve Conlinucd spacccrafl
and paylozld placements inlo Ow va]-icly of orl)iTs bcing used by presenl (lay U,S.
spare tralfic. However, a new class of ()rl)its (mid inclinalion, low altitudt:) not

uscd today would experience lhc largcsl Iraffic levels if operational SDI spacccrafl
wcrc dcployc,d, l)cpcnding on the types of space lransporlation systems uhimatc-
lv devehq)ccl, signiticanl aclivilv increases al lht, I_'Cslcrn 'Ii'st Range (I_q"R) or a
ll(%V launch .silt! coulcl 1)e required m a(conlnloclalc this SI)I llal]]c.

• l'oWnlial SI)I archiwcmres im'olvc large satellite c:onstcllations to provide con-
tinuous (ovcragc of liw earth. Establishing such cOnslcllations would introduce
new rcquircmcnls tot precise timing of launchcs aud orbit Iv'ansl:ers io achieve

proper orbital plane placemcnls and mission conlrol o[ muhilflC spacecraft ort)il
iIallSI(,rs occurring simuh;mcouslv

Mamwd opcralions in space are a significant oh'merit o[the civil space program fiw

the lirsl Space Station beginning ill tile mid-1990s and tot geosynchronous carlh
orbit ((;EO) servicing and hmar sorties beyond the mrn of the (:ellllltT. Ill the most

aggressive civil option, manned luissions io Ihc Moon and Io Mars a'rcl)rojcclcd.

Polcntial rolcs for lll}lll ill nal:iC.lhtl st_.t:tlrily space Inissions are slill Ilnclcr study.

,;ksst£rcd rcturtl l}-om space will bc an illlportanl lrallspol+latiOll tcquiremtmt.

• Space servicing activities inch,de zna.inltmance, rel)lacenlenl ' upgrade, assembly,
(hc(:koul, rclricval, lCllllll, illl(l r(q)air. A|)l)roxi]nalel} half _)1 lilt.' civil mass lrans-

l)ortalion IIC('(ls arc devoted to space s('rviting, ;Hid I)ol) .,,;t)aCe(Talt servicing
I(!(]tlil(qllt, lllS could evolve.

• S()lllC Ilali()llal sectlriP,, .'.;p;_tcc Ol)(,lilli()ll_; lllllSl t)(' possible during various conflict

lw,'cls or nmtura] adv(q'silv (e.g. to supplcnwnt redel)lov, or replenish space
assets), and selected space lranSl)ortalio n syslems will thezctorc have to salis[\,

more stringent functional/operational needs in such areas as availabiliw
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(readiness to operate when required, regardless of the circumstances), perfor-

mance margins, flexible response to changing situations, survivability, and posi-

tive control. Specifics of these fimctional/operational needs are being developed

hv the new Unified Space (;ommand in consonance with the evolution of its

strategies and by the SDI ()rganizalion.

3. AR(;IlITF(TFURES

Space transportation architecture issues for tile post-1995 time period derive from the
nature of the existing (pre-1995) space u-ansportation architectl.ule !ts well as fronl the

comhined DoD/civil mission model sels. Unless there are new mmauves, lhe U.S. would

enter the post-1995 time period wilh a relatively high operating cost space transportalion
architecture consisling principally of a modest Shuttle tleet with ground processing and

launch tacilitics at both the Eastern Tesl Range (ETR) and IArI'R designed for limited

launch rates. The archileclure existing then could also include the Complementary

Expendable l.aunch Vehicle (CEI.V) p esently planned for latmch from ETR Io provide
all illt'le;.I.so(| assured access probahility lot critical DoD spacecraft and possibly other

expendat_le launch vehicles (e.g., Delta, Atlas, and Titan [I). The use of two CEINs per
year is alllicipated upon its introduction in 1988, though planned utilization [7] rates and

iaunch sites are presently undergoing review. The pre-1995 space transportation architec-

lure will have a number o| ()TSs including Cenlaur (;, (;entaur (,' tile Payload ,_ssist

Module (PAM) Series, tile Inertial Upper Stage (IUS), and the Transfer Orbit Stage

(TOS). ()rbital Maneuvering Vehicles (OMVs) with a robotic smart front end would be

utilized extensively in any furore architecture tor payload positioning and tot assemhly

and servicing operations. The OMV is under development and will be operational prior

to 1995, but the Slllall |ronl elld introduces additional technologl' requirements.

The existing space transportation architecture would he unable to ettt ctively handle

lilt" illcl'e;,tsed tratfic anticipated for tile posl-1995 lime period..1ust D;) accommodate lilt"

Normal (;rowth (]ase tlight rates, expenditures for additional Orhiters, expendables, l_tcil-

ities, and operalions personnel at both ETR and WTR would be needed. Further sub-

stantial expenditures at _FR would be required for an SDI-KEW deployment. Such

expendilures could perpetuate the use of a relatively high operating cost transportation
architecture and preclude the opportunity to exph)it lechnology advances and innovative

operations approaches which can significantly reduce costs.
Space traffic growth beyond tile mid-1990s leads to a preferred architecture employ-

ing two new humch systems (an unmanned cargo vehicle and a new manned vehicle); a
new, reusahle OTS; and new, innovative launch and tlight operations approaches (sup-

i)lelllelllal Y list" of contcmt)orary expendables tot selected, specific missions cannot yet he
ruled ottt)i This preferred architectural approach has heen shown 1o be cost effective over

a broad range of mission scenarios. The tmmanned carg_ vehicle could effectively replace

the (]EI.Vs, complement l|le Shullle cargo Cal)al)ility and help I() increase probabilily of

_tsSttl'Ctt ;Access to space.

Even with an unmantmd cargo vehicle (UCV) introduced iu the mid- to late-1990s, a

llew lllallne(I vehicle is necessa D' after tile turn of the centre7 fi)r a more cost-effective,

robtlst space lrallsportalion architecture. The then existing Shuttle tleet will he reaching
lifetime limits and would represent 25-year'old lechnol°gD'. Therclore, architectures involv-

ing Iwo new vehicles, a U(',V followed i)y a new manned vehicle (and supplemental use of

¢ontt.mp<wat 7 EINs). have Imcome tilt' prime focus of ongoing space t,-ansportation activ-
ities. For two stage options, common elements, such as the booster tirst slage for both the

[,(;V and new manned vehicle, appear effective in lerlllS Of litk>cycle costs, but [81 lhis

approach must he assessed fiw soundness of assured access. (The Full SIll Case would

require subshtntial development expenditures for an additional, heaxT-lift, unmanned

ca,go vehicle to launch the large DEWs if their modularizalion proves impraclical.)
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There are numerous launch vehicle system options, as well as OTS options, for struc-

turing such architectures (see Figure 1), all of which are currently under stride.

Additionally, new systems and approaches for launch and flight operatio_ls which woul'd

significantly lower costs are being idenlilied alld assessed. Ahernalive architectures com-

prised of various combinations of these sysieln options are being evahiated using cost, per-

fiwmance, operations, operalional axailabiliiy and flexibility, risk, safety, world

transportation leadership, and other political/i)rograinmaiic considerations.

Typical Schedule Representative Vehicle Candidates

t.../ ......
I s_o.le
...... Cu rrerTtExJ ec_dabres] ..... j / (

!n ! \ Por,,a,I,  R,stStageReusable Baoster FR 2ridStage Reusable
and/or

_ Unma ed Car_ Vehicle Expendable

J
""'._ e_ M.... d Vehicl( _ / _

OMV"--r--- or Ilfl o'

C!rrentU !rSta [ ? _'l j& L_ _--'_ : .. ='_
pp ges'* _. SingleStage 2-Stage AdvancedAirbreather

[ I I \ to Orbit Rockel

" CELV.TitanII. Alias. Delta ,, ( _ _]

CentaurG. CentaurG'. IUS.PAM-D.TOS "_ ]) _=_ or {_::_] or

| Partially Ground/Based/ Space-Based/

_. (RReusarH_le FuAlyr_lZeruakaedle FuAlyr_l:raskeXle
_P/A Module) (AerobrakeExpended) (ModularTankage)

Figure l. Representative Atoh|lectures

[9] The concepts evaluated ranged from single- and two-slagc rocket systems to the

emerging airbreathing engine technologies. The application of advanced materials, struc-

tures, and engines could dramatically increase the perfortnance and decrease the weight

and size of rocket vehicles. Simple, highly autonlated, and airline-like procedures could

lead to very low-cost manned or unmanned rocket vehich, operations. A new concept to

achieve orbit is the airbreathing National Aero-Space Plane (NASP) Program. The NASP

is a focused technolog 7 program with an FY 1988-1989 decision (|ate leading toward an

FY 1993 technology demonstration research aircraft with a ht_rizoimd takeoff and landing

single-stage-to-or|)il ])olelllia]. This approach couhl |lave it lll:.tjor impacl on any |'tlltlle

space alchile(ttlre. Possible operational implications include opelalien t]'olll milha,_,, air-

tields, high flight vale, survivability, and flexibility. A NASP vehMe with these characicris-

tics could aher the Ilaltll-e ,{:,]+the entire logistics, operations, and support systenls ....
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{211 6. F1NDIN(,S

The key findings tiom this study arc:

• The existing Shuttle/CEIN/Olher EI,Vs launch vehicle architecture has relative-

ly high operating costs when compared to that achievable ill the 1995 to 2010

time period. Although its continued use would require no siguificant develop-
merit investments, anticipaled traffic growth would necessitale high

Shuttle/CELV flight rates and sizahh" investments in additional orbiters, expend-

allies, ground processing and launch [acilities, and operations support.

• Many technologies critical to the future ot +space transportation are poised for

maj<>r advances that couht greatly benefit both existing and new systems in lilt"

post-1995 time period.
(_llrrt'lll funding levels severely inhibit tilt' timely developmenl of a nmjo,-ily of

neccssary key technologies.
Facilities in the areas of propulsion, slrttcltires, and acrotherlltodyilatllics are

dcnlonstrably inadequate to cope with devclopnleni testing requit+cments inher-
ent in tile realization of complex new technologies and systems.

• Future U.S. launch systems design iliUM be driven by operations and supp<)ri its well

_csassured access ctmsiderations, which tnay include launch sites within tile interior

of the United States, in order to achiexv opel-arterial tlexibili D' and cost ettectiveness.

A substantial reduction ill rccurring Ol)cratitms cost is achievable if launch vehicles

are designed tor operational efficiency rather Ihan lllaxiilltiill pertormancc.
• Mission models should not be ewduatcd based on total tonnage Io orbit alone.

Frequency of flight and payload sizes should play a role in the archilecttue.
Modularity of vehicles and payloads may provide increased operational tlcxibilitv.

• Prefcrred 'aithitecttii't's eiltplt)y IW() lleW lalmch sysleillS, all unilliulned t-atgo

vehicle and a new manned vehicle (with supplenwntary usc td' EINs to,- s|)ecific

lnissions); a new reusal)lc OTS; and new launch anti tligh! operations approach-

es. This architectural approach is cosl effective across a wide range of mission sce-

narios and would improve assured access capabilities.

• Integration of payloads wilh the launch system is a significant operalional cosl.

New processing and intcgralion medl(>tts approaching Ihose applied It) cargo air-

craft and <)liter truly "operational" lransportalion s)stcms it\list he developed.
• Xtiillerotis svslelli alid iechlloh)gy oplions ilium be explored ill paiallcl Io t,ilal)le

seh,clilln ola []liure !.r.S. space Irails[)orlatioil archilt'clurc.

• The geileric lechiloioh_' investlileill plali rcqtiircd h) achieve low ¢)])eraliolls cosl,
rot)uslness, ttexibilit,/, and world leadership in space lransporlalion has beeil
det]ned. Tilt' l-ecolnineltded [)hill provides a road llla]) will1 dccision dales t_)1
tinal archileclure selection.

• hnph, nwnialion of tilt" reconunendalions of Otis rel)ori will assure that the U.S.
has a solid beginnhig toward revitalizing its national launch svSiclns lcchnolog T
and industrial base and relaining unconleslcd h.adership in spacc.

1931 7. RE(;()M MENDATI()NS

Thc Joint Steering (;rottp rccollllneilds the t_)lh>wing:

• If lleW lltaillled and illlll/aillted launch sysleills ,uld lowcr cosls for spacc launcll

operali_nis arc Io be allailled, the U.S. itnlSl colnt)til Io iinl)ienieilling lilt" Icch-
nolog T plan of lhis report. This plan, which is conlpleineniary to oilier I]rnilv
planiled lechilology aciivilics (t'.g., lilt' Xalional Acre-Space Plaile Progranl,
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[24]

ongoing D()D/NASA progranls, and in(lustl T progranls), is focused to provide a

base f()v new systems which can achieve the objective of substantially reduced

operations (:()sis. The plan supports tim (|evelopmevll of t)<)tll evohttionarv and

revolutional T tecllnology alterhal|yes necessary to asstu(, continued U.S. _vovld

leadership in space transportati(m.

Maintain the DoD/NASAJoiul Steering (;you l) (]S(;) to>guide the national ellorls

toward a second-generation space transp<)rtation syst(qn. Establish a move per-

manent organizational slvuctuve, whicll would vcplace the cmrenl Ad I IocJoinl
Task Team, to fttrthet retin(, the fuluve space tlanspovlati()n atchitectlne, coordi-

nail' technologn:, activities, and co()rdinale plans tbr new svstenls as the ne(.c| al+iS-

es and technology' becomes available. The JS(; must also ensttrc thai close

coordination/liaison is maint:dm'd wilh the National Aero-Space Phme Program

Otlice, the Strategic Del_'ns(, hliliative Organization, and other appropriate D()I)

and civil offices. Addilionally, coulinued ties must be established witll all space

transportation users to ensure Ihal tvansportalion-rel;_led issues such as spacecrati

modttlarity, standatdization, conlainetization, and servi(ing are addressed ['Fonl

an overall space program perspe(liw, including idctlliti('ation of needed tech-

noh)gies. Provide fi)r mutual I)()I)/:NASA appv<)val of the stnwture, stalling, and
location fi)r the organizati(m.

(:ontinue the join! NASA/Doll Space '['rans])ortation Avclliteclure Studies to
include:

• Conduct trade studies and sensitivity analysc,s lo velhm and confirm the cost

I)eneticial investments which will provide Ihe mosl efficient operations and

vehicle systems toy the future.

• Reassess tile transilion to the next general|on space transportation SVSI(.'ZTIS

while considering all ('l('nienls of Ill(' architt'('ItHe and the Ctll'l'elll S|)ac(,

Sin.lie and Titan recovtwy phms.

• l)evclo l) planning to accommodate the unique militmy operational and ftmc-

ti(mal needs of Unitied Space (]Onlmand avid S1)I as dmse needs evolve.

• I)resevve lhe option fi)r a neat-term sl)ace transportation architecttne Io

accommodate potential deploynlenl options for Strategic l)efense Initiative
systenls and meet office increasing civil and DoD launch demands on a cost-
cttiwtive basis.

1)|reel lhal lhe study rcsuhs 1)e reviewcd t/x the space lvausl)ortalion user c()m-

reunite fi)r al)plicability to sl)acvcvaft produclion/<)l)evati(ms.

Document IV-4

Document title: Department of Defense, NSDD-261 Report, "Recommendations for

Increasing United States Heavy-Lift Space Launch Capability," April 29, 1987, pp. iii-xvi.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

The Space 7}al*,_portatim+ Architecture Study ide_t(fied as the earliest requireme_t /or a new _:.S.
sparre tra_sportation capability a vehich, capable of lau_u'hi_:_ heav_' _mtional security,, mi,_sile

dq/i,_tse, and civilian payloads. National ,";courtly l)eci,_ion l)ireclive 261 ordered a stttd'_' it) idet_ti[y

the character of ,_uch a vehich,, to be called the Advanced l+aauch ,S)'stem (ALS). This was the

Department ¢_/'l)e/i'n_e re,sponse to that oreh,_, mtl_, the executive summa_ 3, o/the r+Jmrt appears hem.



530 Exl,1 t)RIN(; F't.'TURE St'A(:F TRANSI'()RTAI[()N P<)SSII',II,fI'II(S

[each page of original marked "SECRET" (crossed out by band) and "UN(;IASSIFIED"]

NSDD-261 REPORT

Recommendations for Increasing United States
Heavy-Lift Space Launch Capability

29 APRIL 1987

liiil EXECUTIVE SUMMARY

Recent launch faihnes, a diminishing space transportation technolob,5' base, dimin-

ishing capacitv, lack of tlexible launch capability, and growing global space competition

have seriously undermined America's traditional leadership in space. To restore and

strengthen space leadership, the United States must increase its hearT-lift capability. To
achieve this, the 1)OD, in coordinatiou with N_SA, proposes to implement the deveh)p-

ment of tim Advanced l.aunch System (AI.S). The ALS, which includes a new operalional

latmch vehicle, can lilt'el national space launch needs and revitalize the U.S. space trans-

portation capacity and technologo, base. In addition, tile AI.S would send the strong mes-
sage to the Soviets that SDI is viable and could be operational in the mid-1990s. Tilt'

attached Advanced l.atmch System Plan is I)ased on two years of substantial, cooperative

DOD and NASA studies. The concept is technically sound, aftordable, and ready to enter

the concept detinition phase. This report recommends that the United States immediately

commit to the ALS program, and in particular the intensive technolog T development

upon which a successful AI,S effott tlel)ends.

International Competition and Space Leadership

The United States faces a growing international space challenge. The Soviet Union,

European community, Japan, India, and China are all developing space capabililies that

challenge tr.s. leadership. To COlllpele ettectively with emcvging foreign space launch

capability and regain the [ivl ability lo project a U.S. leadership role in space applications

during tile next decade and into the next century, U.S. space transportation capabilities
must move ahead. To do this, the United States will have to modernize its space launch

svstenls Io lake advalllage t)f atlvanced technologies and a design philosophy based on

operatiolla] lillher thall a rese+),l+ch all(t developnlent orientatioll.

For ahnost 3t) years Ihe United SlilleS tlas exph)ited space systems generally to satis_

important scientific and milita W requirements. We have been the world leader in space

exploration due to our technical competence and national commitment. This leadership
has been seriously efodetl in recent "4eil.rs. If tile United Sl_).les is m regain its space leader-

ship role, it inust ]lave the launch capacity, tlexibilily, and availability to pe,-torm ambitious

g_)als. (:urrent launch systems will no! be al)le to safistk' die projected growth of U.S. space

launch requirements into Ill(.' 1(9(.t0s much less into the nex! cenlury. Also, Ihese systems rio
no! provide the quick-response and surge capability required of an operational launch sys-
tem in crisis and contlicl situations. Many elements of these systems have not been updat-

ed to take adwmtage of new, more efticienl, more capable technology. The languishing

L!.S. technology" base largely depends on 15- to 20-year-old investments. The newest U.S.

launcll sysleln, the Space Shttttle, is b_Lsed largely on technologies that were developed in

the early 1970s; our expendable launch vehicles are based on evell older teclmoh)gies.
Whih" launch vehicles based on those teclmologies are capable of meeting today's tattnch

re(luirements and will c()ntinue to play an important role in th(' fulm-(', they will n<)t be able
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to satisfy futurt' operational heavv-lift requirements front tile standpoints of launch capac-
ity, assttred space access, tlexibilit_y, availahility, and cost--eft_'ctiveness.

To exploit space fully, the cost <)f space launch must be significantly reduced from

today's awwage of approximately $3,600 per pound. Three decades of U.S. space tcch-

tlO1Ogry a(|wulccs and oltr ability to better tlnderstand launch system design, nlantl|;l('tllr-

ing, and processing ot]c+r the potential of an order of magnitude reduction in operational
space launch costs over the next decade. With the exception of commtmication satellites,

which have an economic justification despite their high cost, fidl commercialization of

space has failed to materialize. A primary reason is the prohibitively high cost of space

launch. Unless launch costs are [v] reduced, space will be used primarily tbr government

activities and only then for those of the highest national prioriD,. The AI.S would provide

technolo_' and operational concept advances that will benefit all U.S. space interests.

Incorporation of new technologies and a design philosophy intended to inaximize

routine operations would provide the thst truly operational launch system in the free

world. The AI,S would signiticantly enhancc the stq)port provided by U.S. military space

systems during crisis or conflict situations. Vastly decreased launct_ vehicle processing

times would provide an invahtal)le qttick-reactiem capability that currently is available only
in Soviet launch systems.

Soviet Threat and Opcrati<mal A.pproach t¢_ Space Access

Tile development of this new system becomes partictdarlv important when comparing

U.S. and Soviet launch requirements and capabilities. Tht +`Soviet Union has multiple

launch systems that can perform each of their space launch tequirements. They have

greatly expanded their latmch facilities and tnanttt_tcturing capability. They have, or will

soon have operational, a space station, space shuttle, space plane, and hea'c,-lift launch

vehicle. Why the Soviets art" developing such a large+ flexibh+ space transport_ttion system

capability is not fully understood. However, we are sure that their robust space launch pos-

ttlre provides them with ample opportunity to deploy future Sputnik-like initiatives. One

itnportant ['act is ])aralllOtlnt; whatever tile Soviet Uniota chooses to do in space in tit("

coming decades, it will not 1)e constrained by lautwh capacity.

[vi]
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Figure B

Pr¢!jected Soviet Capability/Requirements Versus [!.S. Capability (Figure Secret

[Figure B omiltcd in original]

[_ii] National Requirements

DOD requires a truly operational launch system (as opposed to era'rent labor-inten-

sive, R&l)-oricnted systems) to provide additional capacity, awulability, flexibility, assured

access, and low costl Current latmch systems do not fully satist_, this m'ed. In addition,

deplownent of a strategic dett_nse will require a sixfold increase in annual payload launch

rcquitements by the late 1990s (see Figure C). This requirement cannot be satisticd with

existing hmnch systems. In the near term, beginning the development of the A1,S would

clearly indicate the seriousness of U.S. resolve to l)ttrstte a strategic defense option with-

out vi'olating current I].S. treaty obligations. The bcneticial effects of this perception can

be achieved well in advance of a decision to develop a strategic defcnse.

Figure C

D()D I_aunch Requirements Versus Capability: SI)! + Normal Growth

Normal Growth

Mass

(Millions
of

Pounds)

(Normalized to 100 nm, Polar Orbit)

it _- Excess Payload Requirements__._._._ RequirementScapability

I I I [ I I I I

1990 1994 1998 2002 2006 2010 2014 2018

Year

SDI + Normal Growth

7- (Normalized to 100 rim, Polar Orbit)

6-

5-

4-
Mass

(Millions
of

Pounds) 3

Excess Payload

i I i i i i i i

1990 1994 1998 2002 2006 2010 2014 2018

Requirements
(Will be validated by

SDI Defense
Acquisition Board 1)

Capability
(Includes additional
Expendable Launch

Vehicles)

Year



l'_Xl'l,( )RI N(; II IE [?NKN( )WN 533

Tim aggregale civil launch requirement exceeds lhe current launch system capabililv.

An interim AI,S is nee<led in late 1993 fi)r testing [)ur[)()ses to achieve plalmed (ivil ot)jr(-

tires such as Space Station del)loyment in 1<,)9,t. The system would also enhance the ntis-

si(m capal)ility and scientific returns ()f many existing civil programs and would make

furore IJ.S. civil space leadership initiatives ])(')ssil)h, (see Figure D). Some specific bene-
fits of the A, LS are:

• _'kssist the Space Station effort by improving assemt)ly and logistics, and crew sati.'lv

• Enhance planetao' missions through shorter trip times, reduced mission com-

plexity, simplified spacecraft designs, an(t ad(lilional science opportunities

• Support space leadership initialives which require lhe use ofa heaw-lifl capability

(Two candidate initiatives are a lunar t)asc manned 1)v 2008 and ;{ manne(l mis-

sion It) Mars early in the 21st c('n/ury.)

[viii] Ioriginal placement of Figure C]
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[ x] Space rlYansportation Architecture Sludy

For nearly 1wo years, the D()D and NASA have been conducting the Space

Transportatiot_ Architecture Study (STAS) to identify fimlre national space transportation
and technology requirements Ih;ough the year 2010. As a near-ternl requirement, lhe
STAS identified tile need to develop an unmanned cargo vehicle with capahility beyond

today's svstems. It also identified a range of candidate vehicles that could help satisfy that

llee(i (sl2e Figure E). It was because of tile substantial STAS ettbrt that the requirement ti)r
an AI_S is well established and tile decision can be made to immediately undertake an

inlensive, focused ALS technology and development program. The STAS also identilied

the national need for a mixed space 1,ansportation fleet (both manned and unmanned

svstenls). Tile Space Shuttle and Titan accidents that grounded many of our larger and

mos! important spacecraft underline the need ti)r robust national space [original place-

merit of Figure F] [xi] transporlation and a mixed [leel of space launch vehicles. Because
the tinal version of the A[,S would he largely independent of existing launch systems, it

would support the mixed [leel, assured access 1o space policy. This nation should never he

tolalh committed to reliance on one system ti)l space ]atlllch.
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Advanced l.aunch System Concept

The ALS concept is dedicated to the development of a new launch system that will

reduce sut)stantially the cost of space transportation while enhancing U.S. space launch

capacify, availability, flexibility,', and reliability (see Figure F). To accomplish this, the ,ad,S

program would ilnmediately initiate an extensive space launch technologQ" program to

provide the technical advances necessm T to support the development of a fully opera-
tional AI,S. The technology program will address key areas of vehicle performance,

ground and launch operalions, and manu|acturing. Emerging lechnoh)gies in areas such
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as state-of-lhe-art conlplltCr systelns, lnallll[ktctulillg atlTOlllation, and data lllallagclllcnt

of Ti_'r the potential for much higher operatio_lal etticiencv itl use of personnel, tacility, and

vehicle resources. It is of the utmost importance dmt tht_se |ocused technolo_, programs
begin immediately iH order to realize the thll potclnial of the AI,S.

The emphasis <>f the AI,S dcvt,loplncnt program will be on the so-called "objcttive"
AI.S vehicle. The vehicle, which would become availal)lt, il_ the late 1990s, would incor-

porate all new technologies to meet nalional requirements. Recognizing that U.S. launch

requirements may dictate the fielding _t a hea_3'-lift capability in the 199'_-1994 time
frame, the ALS concept also calls for combining new lechnologies that are central to the

ot)jective ALS vehicle with appropriate (tlrrciil technologies. While not as effective as an

objective ALS vehicle, such an "interim" w'hiclc still could reduce current launch costs by

as much as a t_lclor of three and substantially increase (!.S. launch capability. ReliabilitY,

features will be incorporated to the maximum cxl('m feasil)h,. The implications of devei-

oping a variant of the AI,S with requisite high reliahilitv tot t)otetltial use with manned sys-

tems ()r launchillg high cost, one of the kind payloads will als() be studied. Bv taking finis

approach, the United Slates could pr(wi(Ic itself With a near-term, heavv-lift capability with-
out losing its option of contintdng the development ()f the ol_jective _;elticle.

[xii] Figure F

Advanced I,aunch System (AI.S) (:o_cept

"Use components
of the objective

ALS as technology
and national
requirements

dictate"

Interim Representative
Vehicles

Objective

"Focus on
objective ALS"

Design Philosophy

• Emphasis on operational flexibility
• Reliable with goal of tenfold reduction

in operations cost
• High capacity, robust
• Allows for contingencies and assured

access to space
• Competitive design and development

• Optimum combination of advanced
technology, manufacturing techniques,
quality assurance practices, and
ground/on-orbit operations concepts

• Revitalize national space
transportation technology base

• Thorough demonstration of new
technology

[xiii] This approach to AI_S development affords great flexibility. If the United States opts
for an SDI deployment and/or m_!jor civil space initiative (c.gl, manned missions to the

Moon or Mars) in addition to its other space activities, first the interim, then the objective
vehicle wottld be availahle. Howew'r, if cut-backs in ftlture space activities occur and some

hea_y-lifl capahility is still required, hut not enough tojustit;¢ development of an objective

vehicle, development of the objective vehicle could I)c defe1:red tmdl futttre requirements

dictate. Other alternatives would be assessed such as tailoring the interim system
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configuration to tile remaining reqtlirements and incorporating emerging technologies
into existing systems. In any case, the nation will need to move toward a new launch sys-

tem to meet the reqttirenlents tor assured access, availability, flexibility, and low (_sl to

support all space launch users.

ALS Costs

There is no dethfitive AI£ ({)st estimate since the specific system design has not been

selected. (;ost estimation is a maior task in the ctmcept definition phase of the program

plamted for the next year. In lieu of an identilied systems concept, estimates were made
using a representative ALS based on STAS architectures and. [)r.og.rams of similar magni-

tude. Assuming an SDI deployment, and a major civil space Untlatlve (e.g., manned Mars
or lunar mission), the total design, development, technology, and evah,ation (DDT&E)

cost would be approximately $8 billion spread over 11 years. In addition, it would be lle(:-

essalW to substantially augment existing West and East coast facilities at a cost of about

$1 1 Billion also spread over 11 years. These costs are coral)arable t<) <)(her tn_jor I)OD and

NASA systems acquisitions. The goal for operations cost is a teufifld reduction compared

It) the cost pc, pound to ()rhit of tile CtUTent systems.
The total cunndative cost of the ALS (including technology' development, tm:ilities,

production, and operations), satisl_ing all national requirements, is estimated at about
$50 billion through the year 2000. Required funding in FY 87-92 is approximately $g.5 bil-

lion (see Figure (;). Approved DOD and estimated NASA funding in FY 87-92 is approx-

imately $5.8 billion, leaving a $2.7 billion shortt]dl. Assuming the estimates |or the

repres(qltative system are correct, this shortfall would have to be funded in order to meet

early launch re_luirements. Failure to fund tile program fully would probably delay the

AI.S program three 1¢) five years, which in ltlrll could delay [xiv] [original placement of

Figttre (;] Spa((" Station ;rod SDI deployment. Most of the neaHerm funding will be
invested in critical technology efforts that deternfine the pace of the program schedule. If

the SI)[O FY 87 supplemental (which inclu(les a request of $140 million for the .M.S) is

not apt)roved 1)y Congress, the first Ol)crational laun(h of the objective system could slip

by as much as one year. This is due to the t_t(t that these funds arc intended to %llpporl

pacing technolog T ettorts.

[xv] hnpact of ALS on Other DOD Programs

The overall impact of the ALS on other I)()D f)rograIns is positive. In a qua,uitative

econontic sense this positive impact is tile c(msequence of the lower space launch operat-

ing costs per pound to orbit of an ALS--(osts that would significantly drive space trans-

portation costs downward compared (o current systems. The cost to DOD of using a
current system (e.g., Titan IV) to support the same DOD mission requirements as the AI.S

through tile year 2000 is calculated at over $9() billion, compared with some $40 billion

(DOD 1-equir'elnents alone including operations through the year 2000) for the A1.S. Just
to satist_,' estimated SDI launch requirements of nearly five lnillion pounds per ),ear with

(urrent'launch systems (at approximately $3,600 I)er pound to (whir) would (()st approx-

imately $18 billi(m annually. Using an (d)je(:tive ALS, these costs could be reduced to
$2 bill'ion annually. These savings in operati(ms (-()sls would have a positive impact on

fltture DOD budg(]ts. In none of the F_'Dt' years does the cost of the AI£ program exceed

1 percent of the total DO1) budget. ALS lu_l(ling varies from at)out 0.1 percent at the start

of the program to ahout 1.5 percent in the mid 19(.)0s. In addition, the total development
and acquisiti(m cost of the ALS is comparable to other major I)OD systems. At a cost of

$35 hilli(m (excluding operations cost ti)r D()I)), the ALS compares favorably _4th the

"Di(tent II [submari,w-launched ballistic missile] at $38 billion and the small ICBM at
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$39 billion. While any expenditure of $35 billion would have an impact on other near-

term DOD progvanls over tile course of tile next several vears, the low ALS operations cost

would more than pay back tile initial investment. In a(]dition to the eeononfic benefits,

the .M,S will offer the United States a flexil}ilily aud operational surge capal)ility in limes

of crisis with timely delive D, of essential on-orbit spacecraft to support military missions.

Figure (;

Advanced l.atmch Systems (AI.S) Planned ([Fiscal Year l)eveloptnenl Plan] and

[Program Olxm++tion s Plan l} Vetstts Required Fttnding

(Then-Year I)ollars in Millions)

877 88 89 90 91 92 Total

SDIO Budgeted

Program Specilic/Technoh}_, 31 28{.) ,t53 568 546 673 256(}

Stlpplemcntal 140 140

USAF Budgcted

Program Sp{'citic 100 200 500 800

Relevant qi'ch n<>h_g_, 35 3{.1 40 41 ,t2 43 240

NASA

Program Specitic (estimate)

Relevant Tcchnoh}gy

Total

10 (10) (160) (365) (56o) (485) {1590)
63 85 93 {`2! 88 6__5 488

27{`} 423 7,t6 1168 1436 1766 5818

279 423 ,{}75 152{.} 2267 3010 8483

N()TE: FY 89-92 ftttMing sh(}rlt;tlls are not lirm since th<,r{ +i_+n{} detinitive AI+S <<>stestimat{+.

Rec{}nl IFl c tl (lati<.} llS

[xvilo

The United States should immediately {_mbark on a high priority Advanced
Latmch System plx)gram to meet firm I)OD and civil requirements.

A national conmfitment is needed to initiate and maintain an aggressive technol-

og 3' program to meet the goal of developing IY.S. space heavv-lift capability and to
enhance existing launch systems. " "

The l}rogram should be centered on an objective svstem for the late 19{)0s.

An interim vehicle sh{}tdd be en]phasized to satisi_,, early Space Station an¢t/t}r

national sectn'ity needs and to assure compatibilitv'with both near-term require-
merits and the ot)jective system

Documenl IV-5

Document title: James Fletcher, Administrator, NASA, and Frank Carlucci, Secretary of
Defense, and approved by Ronald Reagan, President, "Advanced Launch System (ALS)
Report to Congress," January 14, 1988.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.
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The Space Transportation Architecture Study (which became known as the "$7)tS study") had sug-

gested the need .fin a new heavy-lift expendable launch vehicle to cm_w the heaviest l)epartment O/

l)e[i'nse (1)OD) and NASA payloads into space. 77_is vehicle became known as the Advanced Launch

System (ALS). The ALS prowam was to be managed by a ,joint DOD-_,:4SA l*rot,'wam q[fice, but all

f+tnding_ was to be provided tO' DOI) except to cover the cmts of any NASA-unique requirements. This

report to Cotlgrress ,_ummavizes the prowam slctlug in il,s early _ta,tV._; dtimatdy the ALS was not

approved ]br development.

[no page nunibei]

Advanced Launch System (ALS)

Report to Congress

in accordance wifll lhe l'ublic Law, PL 100-71, lilts report is subnfitted to tile (;ongress.

The FY 1987 I!rgt!tlt Supplenlental Report 100-195 was used to guide this report's prepa-

ration pr<)cess. Thc Advanced l,attnctl System is the next nlajor national initiative in Space

Transptlrtalion. Botii a_encies are iiloviil_ aggressively [_li-wafd with AI£ and are jointly

lilaliagilig tile eft_>l-t. The ALS l>r<lgralil, if approved, will pt.rniil this natioil to acllieve the

goal of ledliced cost It) space.

Janies c. Fletcher
Administrator

National Aerollautics and Sllace Adulinistralion

Frank (]. ( ;ariucci

Secretary of l)eli<_nse

Al)provt'd:

Ronald Reagan

Presideilt

[no page number]

I. INTRODUCTION

Public Law 100-71 directed the Secretar'i of Detense and tile Administrator of NASA

to submit a plan approved by the President'to the Committees on Appropriations whictl

delineates the respective responsibilities of and apportions costs to the Departmelli of

l)elT:nsc and NASA and provides a plan to nlake niaxinlunl use of test tacilities relative to

tile ALS illogralll. 1+ills report is in iespollse to tile public law.

Tilt" report is organized to fespoud to the iequests stated in the 1987 Fiscal Yea+

Supplenlental Report 10%195. The major areas preseuted are [)rograni StlUCltlre, costs,

and facilities.

II. PROGRAM STRUCTURE

A. Design Approach

The design approach to t)e taken for the ALS is based on three principles: devehll)

reqttirenlents; use governnieut and industi T expertise; and enipilasize competition.

1. The basic requirements iilr tilt' AI+S are to provide a latmch systelll tilal: lneets tile

national launch needs; is flexible, robust, reliable, and responsive; and, siglliticantly low-

ers the costs of getting payloads to space.
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These requiremems scl the overall guiding philosophy for the AI,S. Achieving

these goals will require vehicle and operational technolo_, adwtilces, as well as tire best

abilities of tire l)epartmen! of I)efense, NASA, and ill(hlsllv working logethel: The Delk'nse

Acquisilion Board will validate the AI£ National Securiiv Requiremenls in a Milestone

Zero Review arm the NASA Adminislralor will validale unique civil requirements.

9. Indust_T's role is [o analyze the government validated requiremenls and lo

develop conccpts Io satisly' flmsc rcquircmcnts, l[ is fl_e govcrnmenl's r<>le to manage

industry to ensure the concep[s fulfill lhe reqtfiremenls and to stimulate induslry lowards

the innovations needed to accomplish the necessary technological breakthrotlghs. Bv

using the expertise of industry, I)oD and NASA, this nati<m can achieve ,t trtrly operational
system which will lower our <osls of gelling to space.

3. The ALS program will emphasize open competition during all phases of the
program. The structure to accomplish [Iris is based on lhrce phases:

(a) I)uring the ongoing Phase I Concept l)etinition, seven contractors are

working to detine an AI,S which achieves fire overall reqttirements. This phase began in

July 1987. The end product for each COlltl'acl<)l" is a Svsterlr Design Review, that will

describe the basic concept and system-level specil]catim_s fi)r their concept. 1)oD and

NASA are conducling supporting focused technology etforts, under direction of the pro-

gram office, in parallel with the comractcd studies. Rcusable and expendable approaches

will be evahmled dtuing thc detinititm and ti)cused technology, development l)hases.
During this phase the IIe[L'nse Acquisilion Board (IIAB) Milestone Zero Review will be

held to approve the mission need and acquisition approach for the AI£ and a Milestone
One Review will be held to approve entry inlo Phase II.

[2] At the end of this phase, the program ottice will con<tuct a compefiliw,
source selection. This will be an open tompelilion lea<ling It) a selection of the contract-
ing teams It) <onduc! Phase II.

(b) The purpose of Phase I1 is lo refine and develop tire concepts crealcd in

Phase 1, to i<lcntit}, the most promising approaches to meeti,)g the AI.S requirements, and

to conduct preliminary design reviews, l)uring Phase II, fiwused Icclmolog_' efforts will
COnlinue, as require<i, to provide the necessary technology, readiness tot [the] AI,S. After

coml)letion of another open competition the appr<)aches suitabh, tot thll scale develop-
menl will be selected tot Phase Ill.

(c) Following a su(cessftd DAB Milestone Two, Phase Ill, ihe Full Scale

Development phase, will be initiate¢l Its purpose is u) complete development of the AI.S
leading lo an operational capabilivc no later lhal) I-I)(,),_. The ;tCtllal Initial I,at,mh

(;apability (II,C) will depend upon tt_e launch requirements, complexity of the concept,
cosL funding availability, and benetils of early availalfilil_: These will be' assessed at each
lr)ileslt)[re l'eview.

During all three phases of the program, open competition will be encottraged. A com-

pelilm not lunded in a phase may compete for lhe tMlowing phase as long as require-

recurs are met for that phase. The acquisition strategy+ to accomplish these three phases

will be determined I)y the program otticc and appr<)vcd through the DAB process.
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B. Management Plan

1. Overall Structure

The AI.S is a joint DoD/NASA Program to develop and field this nation's

llext gelleratioll tllllnanlled launch s'¢steln. It will require the ell_)rts of the tinest engi-

neering and managenlent talent avaiiable. Therefore, the overall program and sut) ele-
ments have been structured as joint et'torks to allow direct involvement of all appropriate

DoD and NASA organizations.
The ALSjoint program office will be headed by a Program Manager (PM)

appointed by the Air Force. The Deputy PM will he appointed by NASA. The program

office will t)ejointlv manned.
The j¢;int program office will have final responsibility for all aspects of the

program. Funding, direction, authority to contract; and, cost, schedule, and performance

requirements t_t all program elements will he provided by the program office.
The inanagement elements which make up the joint program office will vary

according to the phase of the program. The program manager will determine the strut-
lure in order to achieve the overall program mission. Air Force and NASA perso,mel will

head the elements depending on requirements, expertise, and capabilities.

The element managers will be responsible to the program manager for cost,

schedule, and technical perff)rmance of the element. The managers will still have consider-

able latitude in managing their respective elements. The h)cation of the management offices
_dll he determined by the PM based on recommendations froln the Air Force and NASA.

Work in'all areas will be perforlned by an appropriate mix of l)oD and NASA

organizations under the direction of the manager, who will have commensurate authori-

ty and responsibility to accomplish the program _dth the available assets. The actual appli-
c'ation of resources to tasks within a work element will depend on the particular tasks,

available skills and facilities, other requirements for the same assets, and the need to

maintain a Inoa<t-based national capability tor space-related technolog3'.

31 2. Program Guidance

The Defense Acquisition Board will provide major policy and program direc-

non in accordance with [Department of Defense Directive] 5000.1. In addition to the DAB

membership specified by [Department of Defense Instruction] 5000.49, NASA will he a

participating member for all AI.S DAB reviews. Additionally; an Executive (_Olillltillee,

made up o[ representatives from DoD and NASA, shall provide management ow, rsight.

3. Management :Lssignmenls

Because the ALS program is in its early detinition stage and a final concept

design has not been selected, definitive management breakout cannot be made al this

time. Thus, the management plan which tollows is representative and subject to change

as the concept development matures. Management responsibilities will he lmsed on expe-

rience and expertise, and in all cases will be responsible to the joint program otlicc.

(_hanges to these assignments will be approved by the Executive (;ommiuee svb.ject to

review b} the Secretary of Defense and the Administrator of NASA.
The tollo_,'ing is a listing of the AI.S program management structure agreed

by the DoD and NASA at this time:

ALS Program Management. The overall AI.S program managemenl is

assigned to a joint DoD/NASA Program Office.
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ALS Systems Engineering and Integration (SE&I). The SE&I element will

a(,t:omplish overall AI,S requirements reviews, overall svslems co<)rdination and

nv,_ior program oversight. The SE&I element will be +managed bv 1)oI) with
NASA assistance.

ALS Vehicle. The vehicle will be managed by I)ol) with NASA participation.

ALS Liquid Engine Systems. The liquid engine systems will be managed by
NASA with DoD participation.

ALS Solid Motor. Should the concept selecled require new solid motor devel-
opment, the elCllleltl responsibilities will be determined fllen.

ALS Flyback Booster. Shouht tim concep! selected require a flvl)ack booster
deveh)pmenh the elenlenl responsibilities will be determined filch.

ALS Payload Module. The payload module including the payload fairing,

launch vehicle-to-payhmd intmthces, and pavlo M handling will be managed
I)y I)ol) with NASA participation.

ALS Logistics. The logistics package will be managed bv Dol) with NASA par-
ticipation.

ALS-Focused Technology. The AL&Focused Technolog3, Program will be
managed by NASA with I)ol) particil)ation. This eflort will llt+ h)cated in the
AI,S Program Office.

Any other program assignments and struclure will be determined by the pro-
gram office.

[4] III. COSTS

A. Total Costs

DOD and NASA believe an accurate cost estimate is necessatw for a successful pro-
grant and is an essential part of the program approval process. However; the costs lot AI£

are extremely concept dependent and, since the concepts are still under definition, accu-

rate costs ;ire difficult to estimate at this time. A cost estimate based on preliminary con-

cepts and the overall system requirements will be available in April 198,-R. I)ol) and NASA
will provide these estimates to the Congress.

B. Cost Sharing

The Dol) and NASA recognize the importance of initiating and sustaining the AI+S
deveh>pnient to meet future national security and other national requirements. DOI) will

accept full fimding responsibilities for devel<)ping a national AI+S. Those efforts to salis|\,

unique civil requirements not addressed by the joint AI,S baseline design will be tim(ted
by NASA. • '
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IV. FACILITIES

The AI,S Program will make maxinmm use of Federal testing tacilities, modilied as

required, to meet A1.S requirements. :as the concept definitions mature, and lt'st require-
merits become known, the ALSjoii_t program oftice will identit}' respective responsibili-

ties of the Federal entities and facilities to be used.

,as an example, the existing rocket propulsion facilitics which will I>e used for AI,S test-

ing are located at the National Space Teehnologw Laboratories (NSTI,), Bay St. Louis,

Mississippi; Air Force ,astronautics Laboratories (AFAL), Edwards Air Force Base,
California; Marshall Space Flight Center (MSFC), thmtsville, Alabama; Lewis Research

Center (LeRC), Cleveland, Ohio; and the Arnold Engineering Development Center

(AEDC), Arnold AFB, Tennessee.
As the program nlatllres and concepts are [urlher developed, speeitic tacililies will t)e

selected lot testing depending on capability and availability. The program ottice will pro_

duce an interim report at the end of Phast i 1 and a tinal report on facility use at lhe end
of Phase I1. These will be provided to Congress in response to the request R)r detailed

information on tacilities and utilization.

V. CONCLUSION

Both I)ol) and NASA fully support the need for the AI.S program and, through the pro-

grain o[lice, are working to assure a lnajor advallce ill cost-eltective space transportation.

Document IV-6

Document tide: Vice President's Space Policy Advisory Board, "The Future of the U.S.

Space Launch Capability," November 1992, pp. 3-11, 29-40.

Source: Documentary History Collection, Space Policy Institute, George Washington

University, Washington, D.C.

AllhouKh it had heen in existence ._ime the start o/the Bash administration it_ 1989, the National

Space Coumil did not r'onvem' it_ mamlated advisor_, g,roup, the Vice President',_ Space Poll 0"
Advi,_orv Boa_l, until mid-1992. Then the board _pet_t )he 7_,maining months _![ the Bush admini,s-

tration carr_,ing out several broad polit_ .studie._. One _[ the,w ,studies, catwied out tt}' a ta._k l,,_vup

headed by [i;rmer Secretary of the Air l;on:e E.C. "Pete" A Idridge, examined the nation's space tran,s-

portation ,situation. The report was is,sued in November 1992, after George Bush had been dejeated

]br Jvelectim_ h_' Bill Clinton. 77re new Clinton administration dissolved the National Space Council,
and it did md implement most O/tile ke3: recommendations of the Aldridge repmt. The fidlowing are

two major exce)pts./h)m that report.

VICE PRESIDENT'S
SPACE POLICY ADVISORY BOARD

The Future of the U.S.

Space Launch Capability

A TASK GROUP REPORT

NOVEMBER 1992
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f3] The New Environment

'File space launch capability of the United States is tile most critical aspect of our over-

all space pr()gram, for without tilt. ability to reliat)lv deliver payloads to ort)ital velocities,
the U.S. space program would not exis(It was onl'_ _after the United Stales demonstrated

it had thc ability to launch t)ayloads, even vm T m(')dest (rues, in the 1958 period that the

space program began to emerge and flourish. And only if we have the abililv lo continue

to provide reliable, sat_t, and relatively inexl)ensive access to space will (echnologists,

experimenters, and innovators lind ways to full}' exploil the benetits of space.
We are at a major decision milestone for our future space launch capability. We now

have a mixed fleet of space launched vehicles--varianLs of expendable vehicles that were

derived from milita D, ballistic missiles, a manned space transportation syslem using the

technologies of the l.q70s, and a new class of small payload launch vehicles using variants

and derivatives of existing missiles. These vehicles meet lhe timdamental lift requirements

of the payh)ads the}, lam).ch, but lhe larger" vehicles are expensive to operate and do not
have the operational flexibility that would otherwise be desirable.

Since approval of the ]at,nob strale_' in 1991, world events have changed the envi-

ronment in which tim slrateg,o: was approved and in which we ,llust implement the st,ale-

go'. These changes include the intensification of the competitive environment, the
realization of the advantages of commercial practices, tim availability of excess missile

assets for space launch, the reflection of lhe latest, and reduced, demands on [4] space
launch cal)abilities by a new mission model, and tire growing uncertainty of the industri-
al base ,hal supports production of U.S. space launch vehicles.

Any decisions on the implementation of a space launch capability mtlsl b(." based on
the "national" perspective, that is, what is in lh(: best overall interest of the nation rather

than the individual interests of the government agencies affected, the programs involved,

or the commercial space industry. That was the fimdamental ob.jecliw, and focus of this
Task (;roul)'S rexiew.

Competitive Environment

Changes in the world enviromnent have 1)fought new chall(mges to tire space launch

capability of the United Stales. These challenges exist in the torm of a variety of existing
arr(l n(:w toreign space launch vehicles, shown in Figure l, which are priced't)elow com-
parable U.S. launch vehicles.

While price competition from Ariane has been felt in lhe United States for years,
Ariane could not al)sorb all commercial payloads being planned around tlm world. For

this reasOll, ;|lid Ill(._"ti-I.Ct that commercial siilellite builders were concerned ore) a porch-
tim inonopoly for Ariane, the United States continues to receive launcl) orders tor s()me

of the world's commercial payh)ads at a rate of three to five per year.

New competition has now emerged which could signiticanllv ihreaten hoth the United

Stales and the foreign launch vehicle marketplace. That coml)('lilion is from the tremen-

dous excess ballistic missile and derived space launch vehicles from the Confederation of

Independent Stales, parlicularly Russia, and from the very inexpensive launch vehicles in

the PeoplCs Republic of China. Russia has an impressive space launch infrastructure that

could be used to seriously challenge U.S. competitiveness. However, questions exist as to

whether we want to take advantage of these new producls for U.S. space latmches, whether

we could ,ely on these l)roducts beth/ in production fi)r long periods, and whether we

should place great reliance on the existing but fragile near-term political relationships to
commil critical space missions to these componenls for the I(mg lerm.
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[51

_...._hicle

Capacity

GTO (Ib)

Country

H-II Ariane
44L

8,800 9,200
(7 deg.

Japan incl.)
Europe

[]

I°,I,=1 i

Long March Zenit
LM-2E (Cape York)

7,500 9,500

China Russia

Proton

12,000
(51 deg.

incl.)
Russia

Ariane 5

15,000

Europe

Figure 1. Foreign (_ommcrcial l.aunch Sm_'ice (;omt.mtition

Figure 2 illustrates international launch vehicle competitiveness. If the United Stales

is to relllaill competitive, it must reduce its cost (and price) to launch payloads by a

tb.ctor-of-two, its shown by the "Low-cost EI,k' Goal" line in Figure '2.

Commercial Practices

There have been suggestions by Congress and indust W that the governnlent should

take advantage of "con_,lnercial practices" to reduce the cost of launch vehicles attd ser-

vices. Five distinctions separate commercial from non-comntercial practices:

-- First, the procurement process, whether the government procures CtlStOllt-btlill

products priced by negotiation or off-the-shelf products priced by tilt + nlanufac-

lurers in an open marketplace.

[6] [original placement of Figure 21
-- Second, wide requirement ranges placed on manufacturers by the govcrmnent

with nun_erous multi-tier design specifications in government procltrernents

versus only end-product or on-orbit perl'ormance speciticalions ill COlnmercial

procurements.
-- Third, the extent of oversight of the manufacturing process, with extensive over-

sight in government procurements and much less oversigh! in commercial pro-

Ctll'elllen iS.

-- Fourth the government limitation on the operating profit of launch vehicle man-

ii[actttl'ers under government contracts, which is uncontrolled in contmercial

contracts.
-- Fifth, the financial risks of ta.ihue, which are borne by the manuFacturer in a com-

mercial contract and are mostly borne by the government in a government contract.

To nlinimize its risks the government requires more oversight of the launch vehicle

nlanufacturer's processes and specifications. Because mission success is more important ill
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govellllllellt operations than lecovery of leSOlllC(%, as is [lie case ill comrrlercia] opera-

lions, lhe g<)vernmenl is [7] unlikely to accepl Ihc ti,I1 range of commercial practices ti>r
space larmch operati<ms.

t]owever, U.S. space launch is aheadv "commercial" to some degree. Virtually ever T
U.S. space launch vehicle launching satell'ites into Earth's orbit is buih by a U.S. commer-

cial tirm--Martin Marietta, General Dynamics, McDonnell Douglas,' Rockwell, I.TV,

Boeing, or Orbital Sciences--and all ofthese companies participate extensively ira the
launch process.

One question that must be addressed is what can the government do, as it works

towards its own space launch objectives, to take advantage of the potential cost savings tiom
more application of the commercial practices outlined above and, at the same time, make

the U.S. latmcb vehicle manufaettuers more competitive in the commercial world market.

Excess Ballistic Missiles

The phase down of tbe intercontinental and submarine-launched ballistic missiles

(ICBM and SLBM) threes, such as the Titan II, Poseidon, and Minutenmn, has provided
assets that could and are being used for space launch vehicles. Contracts ah'eadv exist to

conver! 15 Titan [Is to space launch vehicles an(l a contract has been let to beginthe con-
version of the Minuteman to sul>-orbital test vehicles. There is some c(mcern that these

"free" vehicles will compete with the production of newer space launch vehMes by reduc-

irrg the production rate, (lecreasing the number of production units, and increasing costs.

Opponents of using lhese assets argue that a more efficient, lower cost space launch pro-
duction program could be t)uih if tire governmenl would deny the use of these assets ti)r

competition with newly producted [sic] sl)ace launch vehicles. In a(tdition, using the

excess assets perpetttates a "dead-end" program at the expense <)t longer range, small pay-
load space latmch programs. •

Proponents argue that the use of these surplus assets will tiicilitate lower cost access to

space aiM, in so doing, |ester more space-related research and development in both the
commer<ial and university-based sectors than would have been the case without these
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assets. This additional activity will generate significant and Profitable business tot the fledg-

ling commercial launch industry as it converts surplus assets and provides lhe [8] a_ssocial-
ed launch services. Finally, proponents argue that this demonstration of the market tot

launch services would allow entrepreneurial launch services companies to raise the capital

needed for lhe development of new, more cost competitive launch vehicles and services.

Bolh positions have merit and a balance between the two points of view must be

found.

Future Mission Model Requirements

pr_!je(tions |or the flmue show a stability in the annual space launch rates fi)r the

l)epartmcnt of I)efense (DoD), civil, and comntercial payloads at about 40 per year
(Figure 3). Of these, about seven to eight flights are attributed to the Shuttle and about

eight to ten per year are based upon the asstunption that commercial satellite manut:ac-
till'el'S, United States and toreign, will coutinue to rely on U.S. space launch vehicles in the
future. The 1)oD launch rate of 15 tt> 17 per year is based on a revised estimate of space

requirements and funding based on projected future national security needs in a new

world clwironlnenl.

These launch plans are, of COI.II'SC, Vel)' dependent on the projected costs of tumre

humch vehicles. U.S. commercial satellite launch rates will either decrease if U.S. launch

vehich's can no hmger compete thmncially with toreign launchers or the demand could

or might increase if lhc United States makes a significant reduction in humch costs, thus

encouraging tile exploitation of space.

Industrial Base

:_s DoD resources (tecline, and the industrial organizations that support del_'nse sys-

tems shrink and question their flamre, more and more attention will be placed on options

to protect the critical and tufique parts of thai indtlstlw tllat might be required in the
future. The maintenance of a heahhy launch industrT through the development of new

space launch vehicles woukt appear to be a responsive and efficient way to allexfiate the
defense conversion problem of our former missile industry. Expansion of [9] [original

placcmem of Figure 3] the space launch vehicle industw through new technology' fin.

upgrades to existing vchicles, or the initiation of new vehicle developments to make the
U.S. indusnw more con|petitive, would be a direct, expeditious, and valuable way to protect

tills section 'of dw industrial base fin ftllttre national security requirements. The [_nile(l

States is a worl(t leader in space technology, and the conversion of defense resources to pro-

tect that leadership would be a wduable way to enhance U.S. competitiveness.

l,aunches per Year

:_NASA and DoD Sources

Average Annual U.S.l.aunch Rates*
(1992-2012)

.DoD NASA (:ommcrcia!
15-17 14- 16 8- 10

Figure '3.Average ,&tmual t!.S. l,aun_ h Rates (1992-2012)
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Space launch vehicle contraclors have been lacking in incentives to participate active-
Ix in, or even argue tbr, the developmeul of a new humch vehicle. The current conlraclors

for Titan, Alias, Delta, and upgrades to these systems are worried about their current busi-

ness base and are reluclant to abandon near 'lerm business for an uncertain thture pro-

gram. Also, they are worried about the potential "winner-take-all" aspects of a future

vehicle competition and lhe lack of Congressional SlAppol'l t()r The program. It is under-
standable that they have a cautious viewpoin! and have been somewhat unenthusiastic

about a new system without some changes in the management approach, political sup-
port, or investment incentives.

[ 10l A recent National Security Industries Association (NSIA) sltldy on the space
transportation system made observations Ihal give a more positive assessment oftl]e indus-

uy's percepti<m of tim space launch situation. The more pertinent obsmwations from the
NSIA study are as [bllows:

-- A new launch system is required.

I The cnrrellt t]eet does not meet I)ol) NASA or commercial cost, responsiveness,
availal)ilily, and operability requirements.

-- Some of the present tleet should be retained until a new lannch system is proven
operational and price competitive.

-- A new launch vehicle, with perfbrmance in die range of 20,000 pounds to low-
earth orbit is of inajor interest for 1)oD, NASA, and commercial users.

-- If industry im'ests in the new program, it will expect an adequate return on
investment.

Not only did tiffs study indicate a more positive view of a new launch system it implied
that indusu T might be willing to share in the development costs.

A New Direction

The 1991 National Space Launch Strategy was based on the conclusion that if the
United Stales is to Ct)llll)el(" efti'ctivelv in the [till.ire it must take near-term actions that will

improve the efticiency of its space latmch operalions, mainlain its reputation tot reliat)il-

ity, and significantly reduce the cost (and price) to launch. The issue facing the task
(;roup was whether lhe conditions leading to this strate_' continue to be relevant in
today's environment.

Developing a "New" or "National" I,aunch System (NLS) will be relatively expensive
and many relatt d programs are currently underway thai will compele for the same scarce

tiscal resources. The Task (;roup knows that it wiil be ditlicuh for DoI) to step up to a

muhi-billion dollar developmen! program when its resources are declining rapidly. DoD
has [11 ] acceptable ahernatives lhal meet its near-term needs in the Deha, Atl;{s, and

Titan tamily of vehicles and its projected launcll tales arc declining which will extend the

liR, of this existing tleet. It has been equally difficuh for NASA to find the resour¢es to sup-
port its share o| a new launch vehicle. Congress has been reluctant to give NASA increas-

ing resources and tim demands on NASA's budget tbr Stmttle operations, the Space

Station, Emlh observation, and planetary missions will consume the majority of its avail-

able resources. So far, (here has not I)eel'l a strong economic imperative or a critical pay-

load requiremenl to drive lhe developnmnt of a new space latmch capability....

[29 ] Recommendations

Task (;rottp recommendations respond to the findings outlined above and to

(:ongressio ml action, which implicitly and explicilly lerrninates tlw NI,S effort.
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1. Revalidate the 1991 National Space Launch Strategy and establish a national pol-

icy and goal to remain internationally competitive in the space launch marketplace. The
National Space Policy Directive 4, which establishes the National Space Launch

Strategy[,] continues to be valid guidance for developing tile space launch system for the
United States and tile implementation of that strategy to remain internationally competi-

tive should continue to receive priority within the affected government agencies.

Alternatives to the strategy to either a) forgo new vehicle development and maintain exist-

ing launch vehicles, or b) attempt to "leapfrog" existing launch vehicle capability with
reusable, and high-risk tel hnolo_', we rc_ject as inconsistent with maintenance of an effec-

live, competitive, and high contidence space program.

2. Create a more formal "national" space launch management arrangement led by

an individual with responsibility and authority for the planning and coordination of U.S.

space launch capability. There is a need to provide a more centralized planning, integra-
lion, and coordination function for implementing the National Space l.aunch StraleD' anti

associated programs. Several management models could achieve the desired resuhs. The

Task Group recolnllletlds lhe following actions. First, establish all Executive Committee

consisting of the beads of major agencies involved ill space launch (Dol), NASA, and the
Space [30] Council) to provide merall sl)ace launch guidance, review and approve plans

and program guidance, and adjudicate disputes among agencies involved. Second, desig-

nate a single authority (a "space launch attthoritv") responsible to the Executive

Connnittee tot planning, coordinating, and integrating' U.S. space launch capabilities. This
individual should: 1) be all Executive-l.evel appointee assigned within either NASA or Dol)

who reports directly to the agency head [;] 2) have the attthority to recommend an overall

plan and agency [trading allocations to the Executive Committee and, within tile guidance

provided by thc 2 Executive Conmlittee, provide program direction to each organization or
agency acquiring or operating space launch systenls, and oversee program execution[;] 3)

be responsible for planning and coordinating space launch teclmolog_' programs for both
existing and new launch vehicles[;] 4) be a total point for t:actoring the interests of the U.S.
conunercial launch indusn 7 into government space launch plans[;] and 5) be responsible

for government support of a small launch vehicle program.

3. The space launch range modernization program being planned in the Air Force,

known as the Range Standardization and Automation (RSA) project and related activities,

should receive the highest priority in the space launch strategy implementation. Without
the RSA modernization effort and other improvements that will support both the existing

and future space launch vehicles, it is doubtful the necessary and desirable safety, relia-

bility, and cost reduction improvements ill space launch operations can he achieved.

Furthernlore, these improvements will enhance the competitiveness of commercial

lalmches that share these t:acilities.

4. Terminate the NLS development within the government agencies and establish a

new space launch capability program within the United States, consistent with the revali-
dated strategy, and under the planning responsibility of the new "space launch authority."

The NLS program was oriented to develop a t:amily of vehicles and design concepts that
would lead to an ultimate heaw-lift launch vehicle. The Task Group rejects the neal_term

requirement for such a vehicle anti believes that almost all of the government and con>

me,cial space launch requirements for tile foreseeable tulure can be achieved with a vehi-
cle in lilt' lower range of payload pertormance being considered in tile NLS program.
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[31 ] 5. A sm_g[e_ "core" space launch vehicle should be pursued that, through modular

performance improvements, can meet all the medium and heavier lift requirements

(20,000 to 50,000 pounds to low earth orbit [LEO]) of civil, DoD, and commercial users.

The new space launch vehicle program, to be known as ",S_mce/i/}er, "should have the fol-
lowing characteristics:

-- employ applicahle NI.S technolog)and operafioual concepts that would reduce

ils hardware and launch costs and increase its reliabililv to the maximum ext_ml
reasonable and affordable

-- con|patible with both cargo and manned payloads, and have a perfbrmance capa-
bilily thai ranges from 20,000 pounds Io 50,000 pounds 1o [ J']O with ]nodular con-

cepts (such :is strap-on boosters or olhel iiinoxativt, modular approaches to
achieve the l-alige of pcrforiliallcC desired)

-- a liew higb-cner_,7, ilppeF stage Io salist}' lhe |till l+allge of payload reqllirelllenls

-- a "design-|o-launch-cost" goal ofa t_lctor-of iwo below exisiing U.S. launcti vchiclcs

-- utilize appiopriale conilliercial pi-aciices lilt iile acquisilion aiid el)era|ion

-- extensively ilisliiimenled Io liiiliilllizt, dowii-liiile if t{ii]ilre should occiir
-- illail-raleable lsic i

-- a very desirable goal is to be as ilealk, "ciivil+Ollllielllally cleail" as possibh,
-- hlitial Lalinch Capability plaililed |'el; ihe 2()00 period to be colisislenl wilh deple-

lJOll of CCllilpal-able pei'li)llllallCc lallllch vehicle invelllOlies aild salellile block

c]lallges (such as the Follow-on [_]all,v }4l_lFllill<_ _ysle II (FEWS), or plallned COlll-
Inelcia] salellites) required at lhal lime

[:121-- a lransilioll plan io ihc lieW lailnc]l vehicle lhat COliliilues lechnolob, _, applicatio is

Io ilnprove near-ternl [aUllch vehicle capabilities, reduces COSlS, ilnpl'ovcs reliabil-

iiy, and Inaintains high contidence in existing- launch vehicles and stippoliing
inflaSlltlClllle Illlti] (:()st and pcFl_ll'lllallce era new space launch vehicle ]las bcell
delllOllSllated.

|'lie Spacelifier vchicle will establish I,!.S. conunercial conipelitiveness, rcdu(e gov-

eNIlUCIII lattnctl costs, and provide the ill<)lllelllillll to move lilodcl'll technolog),, alld opcl'-

atiolis concepts |i'Olii the all-awing board Io real operatioiis. Higher pi-ioriiy she|lid be

placed on Ihc design of launch base facililics using improved operational concepis.

1| |tie Uilited Slales is io depend <ill the Space fier/Pl_S fill all ['tllUrC manned space

flighi alid a Inaiority O|l]le unnlaiiiied space lilissiolis, the launch vehicle itltlSl have attrib-

uies lhai ininllliize Ihe impaci of polenlia] launcli failures in lhe tulurc+ The probability
of t{iihirc lllllSl be lCdllced aud ltil! iCl/lill I<>_ operalional space t]ighl a|l{,i +l|ie faihire FllllSt
bc as quick ;IS possible.

6. The Air Force should be designated as the manager of the Spacelifter vehicle

development and operations. Since the first payloads to transition to this vehicle will be

those produced by I)oD, it is InOFC appropiiate lhai the Air Force manage ihc devchlp-

lllent of this vehicle. With the lCrluillaliOll of NLS, the Air Force should develop a revised

acqulsilion slrategry based (ill pelToinlanee rather than design specitications, h should

ellCOlllage the widesl application of iechnology, new COllllacloi- arlail_eilieillS to preserve

the space induslria] base, alld |he applicalion of |he appropriaie colniileFcial praclices Io
the developlntqll alld opel-aliOll of I]1o llCW vehicle.

The acquisilion model lhe Task (_ioup stigg_'sts for Sl)acelJfler has lhre¢, phases. Fiisl,

coinp('tilion tot Spaceliflcr would be <)pcn iO all inleresicd I!.S. coilipanies and Ihesc

companit, s would be asked to submil conceptila] designs, either individually or ill tealns.

(]OllipallJeS would be perlllitted Io illCOtpol-atf<> the SSME or ally tIIhcT lechnolob{ies in
their design. St'con(t, the Air Force would sell'el al Icasi Iwo oiganlzalions or lealllS 1o
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continue tile competition for a short period of time, tinalizing their vehicle design and

operations concept. Finally, at the competition's conclusion, the Air [33] Force would
select the winning concept and industrial organization or team t,, complete the

Spacelifter development and procurement.

7. NASA should immediately initiate and manage a two-phased space launch pro-

gram to deploy and sustain the Space Station.

-- The first phase would continue to utilize the Shuttle for the deployment and man-

tended phases of the Space Station. l)eveloping a hea_y lift expendable vehicle
based on Shuttle components to launch the Space Station would significantly

increase the risk to the deployment schedule for the Space Station, divert

resources from a more eflective long term "national" solution to efficient launch

operations, and be "dead-ended" in iLs application to fntnre manned and

unmanned bea_' lift requirements. The Task Group questions whether the devel-

opment of the h_:ax_,' lift vehicle would be cost effective relative to continuing with
the Shuttle to deploy and resnpply the Space Station dnving tile early phases of

dt.ployment and I_otes the diflicuhy mtd risks of transitioning the Space Station
design, optimized for the Shuttle, to a new launch contiguration associated with
the beaxs' lift vehicle. Therefore, the Task (;roup does not recommend the devel-

opment 'of it hea_3.' lift launch vehicle based on Shuttle components for deploy-
ment of the Space Station. NASA should investigate the feasibility of introducing

contingency plans to mitigate the eflects of failures during the initial deployment

and operation of the Space Station.
-- The second phase would utilize a man-rated version of the Spacelifter, a Personnel

Launch System (PLS), and a Cargo Transfer and Return Vehicle (CTRV) to aug-

ment and then replace Shuttle support for the sustained operation of the Space

Station. The Spacelifter/Pl.S/(TI'RV would become the primatT, long-term sup-

port to the Space Station. Funding within NASA for tile P1.S and ('TRV (levclop-
inellts needs to be provided immediately if these systems are to be available to

support Space Station operations after the year 2000. In order to minimize the
negative impact of down-load requirements on CTRXL NASA should undertake a

study of options to dispose of non-essential inaterials from the Space Station.

[ 34] 8. To offset some of the development costs of the Spacelifter components and vehi-
cles and to demonstrate the commitment to the Spacelifter development, plan for the fol-

lowing changes:

-- a major near-term reduction in the costs of Shuttle operations by contract incen-
tives, reduction in Shuttle flights at the earliest opportunity, and the reallocation

of personnel from Shutde to the PLS, ACRV [Assured Crew Return Vehicle], and

CTRV programs;
-- plan to phase out the Shutde at the earliest opportunity after the introduction and

operational demonstration of the Spacelifter/PLS/CTRV capability;
-- terminate MLV Ill, avoiding the potential of an additional U.S. launch vehicle,

and continuing with the existing medium lift vehicles until Spacelifter becomes

available;
-- review the EELV competition and modify it to account for the transition of appro-

priate NASA payloads to a Spacelifter configuration;
-- slow Titan IV production to about 3 per year and terminating further production

upon transition of Titan IV payloads to a Spacelifter configuration;
-- terminate the Advanced Solid Rocket Motor [ASRM] program;
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-- terminate the procurement of Shuttle structural spares and mothball the produc-
tion tooling.

A substantial part of tile neaHerm investnmnt to develop tile Spacelilter vehicle can

be off,set by these reductions and the redirection of NASA personnel t'ronl Shuttle support
to planning for the PLS and CTRV. The Task (;roup recognizes that some of these offsets

will I)e cont,-oversial but it believes inw.stments which add only marginally to current capa-

bilities while diverting resources and attention from the reqtfired ftmdamental improve-
merits .just cannot be supported. The Task (;roup also believes MIN IIl will neither

substantially reduce cost nor increase responsiveness and may add to an ah'eady over-
crowded infrastructure base. With regard [35] to the ASRM program, there is consider-

able doubt that it will provide significant improvements in safety or reliability. Since

Shuttle would be phased out shortly after ASRM became operational, ASRM development
costs would not be recovered. Further, ASRM is not environmentally clean. The Task

Grottp also suggests that the existing Shuttle solid rocket motor recove_w system and asso-

ciated rethrbishment operations be eliminated at an appropriate poin] prior to Shutth_
system final phase out.

9. Establish a government-supported, small payload launch program, using low cost
launch vehicles, to encourage and promote space research and experimentation that will
have a positive long term benefit to the overall national space program. Military satellite
technologn/, civilian space research, university space research projects, and commercial

space applications are focusing more and more on small satellites and associated small

lattnch vehicles. Yet, as in the case of the larger launch vehicles, there is a lack of central-

ize<t planning for the use of small launch vehicles resuhing in pcrfornmnce gaps and
redundancy. The Task Group t)elieves tile governnlent should establish a centralized small

launch vehicle program that would better i)lan, integrate, and coordinate government-

wide efforts for this class of vehicle. The l)lalming for this program would be the respon-
sil)ility of the "space launch attthotilv'" but the managemetH would remaitl within the
agencies utilizing these capabilities.

10. To augment the small payload launch program, the Administration should permit
the use of excess ballistic missiles for use as space launch vehicles for government spon-
sored research or commercial applications under specifically controlled conditions. The

Task (;roup recognizes the controversial nature of this issue but believes that tile long-
term beuel]t to the space program and uhimate positive impact on tile overall space

launch indttstry in the fttture.justifies use of these assets under certain conditions. Space

research attd experimentation and new mission concepts will be encouraged and

"enabled" by the use of very inexpensive launch vehicles of the class represented by excess

ballistic missiles. The use of these assets should be permitted when the following condi-

tions are met: 1) the missions and payloads for such launch vehicles are for government
authorized or sponsored research, technology development and test, experimentation
and/or education and training, 2) there are no commercially available U.S. space launch
vehicles that meet [361 the perIbrmance and cost requirements of the mission, 3) the use
of more expensive commercially available launch vehicles in lieu of the excess missiles

would have precluded the accomt)lishment of the mission, and 4) the conversion of the

excess missiles and all of the lattnch services are performed by commercial companies
selected under (ompetitive processes. The "space launch authority" would determine if

these conditions were being met on a case-by-case basis and, if so, _ecotmnend that l)oD

release the assets. The affected government'agencies should be encouraged to develop

arrangements that would facilitate use of these assets and that would minimize govern-
ment exposure and liability.
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11. Within the context of the overall approach outlined by these recommendations,

the "space launch authority" should continue to plan technology efforts to: 1) improve
performance, decrease cost, and improve reliability, safety, responsiveness, and competi-
tiveness of _ space launch vehicles ([solid rocket motor upgrade], new low pressure

engine concepts, materials, avionics, electronics, testing, etc.), and 2) provide for the next
generation of low cost, reliable space launch vehicles that would fully exploit the value of
reusability (NASP, SSRT, and HSC-F). Our existing space launch vehicle fleet should con-
linue to receive reliability and cost reduction improvements until the cost and perfor-

mance goals of Sp'acelifte]" ave demonstrated. This will provide a hedge against failure to

achieve Spacelifter's performance and cost goals and maintain a viable contractor base to
support tile existing launch vehicle fleet. Tile l"en "tear Space l,aunch Technology Plan,
currently in coordination within tile government, would form an acceptable baseline tor

budget ])lanning and iml)lementing this recommendation. NASA should continue to

study hea_w lift options for future application to manned and unmanned hmar and plan-
elal-_ _nlissi'ons. The Space Nuclear Thermal Propulsion (SNTP) program is an enabling

teclmolog)' tor future manned exploration missions and should be continued to validate

the feasibility, cost, and performance consistenl wilh lifts future requirement.

12. A vigorous effort must be undertaken to reach a consensus with all government
agencies and Congress to pursue and fund the recommended space launch program. If
the restructuring efforts, including termination of on-going programs, are accepted with-
out the full commitment to pursue and fund the new Spacelifter efforts, the entire mili-

tary and civilian space program could be seriously damaged [37] with unacceptable gaps
in space system operations. _,'vsstaled previously, faihue to fund this plan is equivalent to

an implicit policy decision to forgo U.S. competitiveness ill space latmch and increase the

lOllg-terln cost to the govelllnlelll. ()nee govet-nlnen[ flnldillg stability can be achieved,
industry will be encoreaged to invest its own resources, leveraging government |rinds anti

further'enhancing launch w,hiclc capabilities and compeliliveness.

13. While the use of Russian space components might be appropriate on a one-time

basis for technology assessment and transfer, or for a very few unique space missions, the
Task Group does not recommend the use of Russian manufactured equipment on multi-

ple, routine, or cridcal space missions. Russian equipment in the form of engines, space
qualified componenls, and launch vehicles appears to be capable, effective, reliable, and

available at compel|live prices. This equipmenl may provide opportunities tor positive

technolo D, transle|- and licensing agreements, and c'otlld, in lilnited situations, advance
the U.S. launch industry in technolog)' and capabilily. I towever, the uncertainty of a sus-

tained industrial base in Russia and the Ukraine (as well as access to launch |_tcilities ill

Kazakhstan), the uncertainty of a stable long-term political relalionship between the
United Stales and Russia, and the detrimental impact such all arrangemenl could have on

the U.S. industrial base and U.S. competitiveness denland caution and ,-estrictions on

cooperative arrangen_ents.

14. Create a mechanism for downs|zing both the space launch industry and support-

ing government infrastructure while continuing to satisfy future space launch require-
ments of the United States and taking into account commercial competitiveness of U.S.

industry. Industrv has indicated the government has certain impedinlents to the proper

"right-sizing" of ['!.S. industry (e.g., anti-trust laws) and political pressures will inhibit gov-

eroment tiom taking necessmy steps to reduce or eliminate unnecessary government

organizations or tin,|lilies |hal support launch development an(t operations. Participation
of the launch vehMe industry in determining cost-sharing options and unique manage-

ment arrangemcnls to t_u:ilita{e a new launch vehicle development should be solicited and
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encouraged.Sinceit isexpectedthalindus!J3,wouldbenet]lfiomtheinlroduclionofa
highlycompetitiveSpaceliftenthereshouldbt̀+someincentiveforindustJ_.It>shareinIhe(leve]opillelll(,()_[.

IF,age38isblank]

[39] ConcludingComments

ThcUnitedStatesisinarelycriticalperiodinensuringcontinuedcompetitivenessin
spacelaunchin both the govellll]lelll :111([commercial marketplace. The Shuttle l)rogram

is cosling $5 billion per year (absorbing ;tboul 35% of the NASA budget) yel is planning 1o
latmch only seven It) eight flights per yea : The government is paying too much 1o launch

government satellites on expendable latmch vehicles. U.S. launch vehicles are not compet-
itive with toreign laum:h vehMes and are receiving market shave only because of ratc limi-

tations on lhe curren! fi)reign vebMes and fears oJ a monopoly bil commercial satellile

custonwrs. New foreign space latmch vehMe players have now entered the marketplace with

even more COml)etitively priced vehMes. U.S. government launch rates are declining which

make U.S. vehicles even less compelitive and government cost per lalmch even higher

The lectmology developments in new launch vehicles and revised operational con-
cepts give us confidence that we can [)rodtwc :t space launch vehicle Ill;atcitn S._|ve the tax-

payer a signilic;m! ;ti11OIIII1 in the /hture and make U.S. space launch vehicles exlrcmelv

competitive in the world market. The up-front development costs of new launch vehicles

and manned spitcecraft are high, but we will be ;1t31¢:to achieve a very high relurn on Ibis

inveslmen! within a reasonable period of!me by phas ng out obsolete and exptns' •,;t..,,,.e,,i.esM..,,ot!,.. c,,s,ca,,beo'l  e, ;.gglessi.e !o,e.'.,cci i! 
rent operating costs and termination cdthose progvan_s Iha! will not be necessar? ifwe ini-
tiate the developnlen! of a new class of launch vehMes. ()!her near-term, indirect cost

savings, resulting t)onl eliminalion of launch delays, wasled effi.wls, [40] and failures
resulting from lilt, continued use of older teclmolog_, vehMes can be achieved.

It is the unanimous view of the Task Group that now is the time to initiate an aggres-
sive effort toward the development of a new generation space launch vehicle that will

replace existing manned and unmanned launchers. The cost of this effort will be more

than offset with the increased U.S. competitiveness, lower costs to government users,
improved reliability, safety, and efficiency, and encouragement of additional research and

experimentation to broaden our use of space. It is an essential step to ensure the United

States enjoys the benefits of space exploration and exploitation, and it is the manifesta-
tion of the U.S. commitment to space leadership.

Document IV-7

Document title: Darrell R. Branscome, Director, Advanced Program Development
Division, Office of Space Might, NASA, "The Next Manned Spacecraft. Which Path to
Follow?," November 17, 1988. " "

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

This brif/in,t_ by ,.'VA,"L4enk4neer Darrell lhanwome i._re/m'_enlalive o['the IhinhinA_ within ,VA._'A du_=

i_t( the p,_t-Challenffer period a._ the _pm'e ag'enr_, _on.ffdered what v_'hi_ h, it mi_(hl t_,en/uall_, propo._e
to replace the .%'paceShullh, a.s the l '.S. mean_ tiff human mce.s.s Io .space. '
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[NASA-O01-881(I28-PA] The Next Manned Spacecraft
•.. Which Path to Follow?

November 17, 1988

Darrell R. Branscome
Director, Advanced Progranl

Development Division

Ottice of Space Flight

[NASA-002-881028-PAl
• Satisfy People/Payload Requiremcnts

• hnprove Cost/Effectiveness
• Increase Reliability

• Increase Margins

Which Path to Follow?

STS Evolution Simple Rugged People Carrier

I NASA-004-881028-PA] STS Ew_lution

• Exploit New Technologies
• Buikt on Existing Engineering Data Base

• Minimize Mold-Line/Configuration Changes

• Cotmter Obsolescence

• Increased People Carrying Capability

Simple Rugged People Carriel.;

• Winged or Bhmt Body
• Increased Design Margins

• ELV Launched

• Contiguration/Size Open
• Limited Return Cargo Capability

• Up Payload on Cargo Vehicle

A_tvanced Manned Launch SysteH__

• Fully Exploit New Technologies

• hnln,oved l)esign Margins

• Configuration/Size Open

• People Only Option Available

Advanced Manned l,aunch System
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[ NASA-(J66-881028-PAl

]
Today

Payload

Option ;' o,

Road Map

STS Evolution

Simple Rugged People Carrier

Up/Down Cargo Solution
• Shuttle-C?
• ALS?

• Return Cargo Carrier?

' AMLS

[ NASA-003-881028-PA] Future Requirements

• Crew Rotation

• Initial Space Stalion (8 Persons)

" Space Station Growth ( 12-16 Persons)

• Exploration Missions (? Persons)

• On-Orbit Servicing
• Scientific Observatories

• S[)ace Station

• Polar Operation (?)

• Rt!tttrn (_at+g<)

• Station Ix)gistics
• Station Scietltific Instrutnents

• M;tllUfaCttlred Prt>clttcts

[NASA-032b-881028-PA ]

Lifting
Body

--4

Ballistic
Vehicle

STS Expendable Expendable

- Evolution '_F Simple Rugged People --P._
-- Carrier Path

i

Single-Stage Fully Partiall
Fully Reusable Reusable Reusable

Two-Stage

AMLS _-I

Concepts

/- Glider --_

d_b
Expendable
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[NASA-045-881028-PA] Low-Cost Ground and Flight Operations

Vehicle Design Features

l.arge Perh)lnlance Margins/Mature "Fechnolog_'

• Simplified Flight Planning

• Minimum Flight to Flight Software Recontiguration

• Improved Weather Prediction

Standard Payload Services and Interlaces
• Minimum Vehicle/Payload Interface Reconfiguration

• Payload Containerization

Autonomy/Automation

* Paperless Management Information
, Automated Flight Planning

• :\tttOllla.ted Systems Interface Verification
• On-Board tlardware Selfl-]tesl/1)iaguostics

• (:ritical Fault Tolerance/Redund:mcy

Maintainalfility/Opt'rability

• Non-Hypetgolic Reaction Control System

• Electrolnechanical (Non-Hydraulic) Actuators

• I)ttrat)le Thermal Protettiol_ System

• Total Access to Critical Compotlents

Operations to Drive Vehicle Design ]

Source: STS Lessons l+earned

S'IAS/KS( ; (;rid. Ops. Efticiency Study

[ NASA-O08-881028-PA ] Higher Reliability

Conserwttive Design Margins
• Structural

• Engine Performance

• Operating Envelope

Fault Tolerance

• Engitle Out Capability
• Redundancy (e.g., Electronics, Selected l+'+lectromechanicat Subsystems)

• Mamffactu,ing/Plocessing Q t,ality (:ontrol

Engineering Data Base
• 'l>ch nolog_' Demonstrati<m/Validation

• Vehicle System/Subsystem Test and Evaluation

• Flight Experience/(;round Testing
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Document IV-8

Document tide: Secretary of Defense and NASA Administrator, "Memorandum of

Understanding Between the Department of Defense and the National Aeronautics and

Space Administration for the Conduct of the National Aero-Space Plane Program
(Revision B)," August 31, 1988.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

It look more than two years Jmm the time that t'mdde.t RmmM lb'ag(m an.ounced his approval O/

what became known as the National Aerospace lqa,e (NASP) pr%,ram /br _%_4SA and the Department

(?]"l)efim,w to aKree on the pro toam _' manageme_t _[rlI('IIDP. Ib'h_tions between the two aLrencie.s with

_pect to space tran.sportation i.g_ue_ were tenw i. the w'ar:_ [blhm.inz_ the ('halh%t£er accide.t, and

both had other demand._ on their advamed lechnoh_q), jmd_gqs.

Memorandum of Understanding Between the
Department of Defense and the National Aeronautics

and Space Administration for the Conduct of

the National Aero-Space Plane Program

[ 1 ] PURPOSE

(Revision B)

The purpose of this Memorandum of Underslanding (MOU) is to cslablish the mech-

anisms [or the joint conduct of a Natioual Aero-Spacc Plane (NASP) Program by the

Department of Deti'nse (I)oD) and the National Aeronautics and Space Adnfinislration
(NASA).

(m, lE( :TIVE

The National Acro-Spacc Plane Program is a technology, program u) provide the basis

li)r hypcrsotfic flight vchich,s thai will rest,h in space transportation svslems, superior U.S.

military aircraft, and civil transports that will have technical, cost an(t opc,alional advan-

tages m't:r existing systems into the nt.!xt CClltttrv. The objective of tile NASP Program is to

deveh)p, and then demonstrate in an experim_*ntal flight vehicle, the requisite tcchnoh>-

gies to pernfit lhe Nation to develop bolh military and civil vehicles capable of opcwating

at sustained hypersonic speeds within the atm/osphet-c and/or as space launch vehicles

with the capability of delivering payh)ads illlO orl)il. The NASP is tmxisioned to t)e an air-

breathing, hy(hogen-ft oh'd, hmizontal takeoff and landing vehicle with single-stagv-u_-
orbit capabilily

BACK(;R()UND

I)uring the past decade, substantial progress has t)cen made in hype sonic airbrcath-

ing propulsion, _tdVall(+c(t lllat(q+ials illl(I y;lltlCllllt!s, itll(t comptmaional technoh)gies con-

tributing to the consensus that operatiotml hypersonic/transatn+ospl+e, ¢, vehicles may be
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possible around the turn of lhe c_ ntury. However, establishing a wdid data base, including
tile interactive solutions to the propulsion, strtlcttn-es, and aerodynamic problelns, is

dependent upon accelerating ground-based technology' development and verit}'ing the
resuhs at sufficient scale in flight over the entire speed range. The DoD and NASA, hav-

ing engaged in an aerospace plane concept feasit)ilitv stndy in 1984--1985, and having
considered the additional technolo_' and operational data needed to support potential

future applications, have concluded that the combined ol_jectives and the Nalional inter-

est are best served by a joint program.

PRO(;tL,\M DESCRIPTION

The first phase (Phase 1) was a Detmlse Advanced Research Projects Agency (DARPA)

concept feasibility study (Copper Canyon) that began in 1982 and concluded in 1985 with
NASA, Air Force and Nax T participation in the latter part of lhe study. The study resuhs

tortn a point of departure for the NASP Program.
[2] The NASP Program consists of two phases: Phase II, Technology Development

and Application Studies, and Phase III. Exl)erimental Flight Vehicle. The goals of Phase
II are to (1) demonstrate the technology, maturity, and (2) provide the supporting utility

and survivability assessments of potential applications before committing to an experi-

mental flight vehicle. The results of Phase I1 will he the basis tot a decision, prior to tile
connnitment of large resources, on whether to proceed to Phase III. The goal of Phase III

is to accomplish sulticient flight demonstration to provide a verified technological t)asis

for tilture operational w.hicles.

PRO(;RAM DIRFCTION

The NASP Program is governed bv this MOU between tile Secreta W of Defense and

the NASA Administrator. Under the b1oad ti-amework of this MOU, the Under Secreta_'

of Defense ti)r Acquisition (USD(A)) and the .&ssociate Adntinistrator, Otfice of

Aeronautics and Space TechnologT (AA/OAST) are responsible for DoD and NASA par-

ticipation in the progrant through a NASP Steering Group. Annex A to this MOU estab-
lishes the Terms of Retierence and membership tot the Steering Group. The Steering

(;roup will provide policy, guidance, and broad progranmtatic direction and will have isstie
resolution authority. The Steering (houp will make the decision whether lo proceed to

Phase ii1, which will he suhject to the consenl of the Secreta[w of Defense and the NASA

A(hninistraton The Stt.e,ing (;roup will be chaired by USD(A) (vith AA/()AST as vi(e-chait.

ORGANIZATION AND RESPONSIBILITIES

The DoD is responsible for overall management of the joint NASP program. Within

this program NASA has lead responsibility for civil applications and an integral role iu the

overall program. Pe,sonnel fronl both agencies wilt participate in all phases of the tech-

nolog)' development, application stttdies and the design, t_tbrication, and tlight lest o|

experintental fligh! vehicles. Wilhin the Dc, D lhe Air Force has been assigned the overall

responsibility tor the NASP program.
The ,.kit Force _dll maintain tile NASP.loi,n Program Ottice (lPO) at Wright-Patterson

,,kit Force Base, Ohio _ith an Air Force Program Manager (I'M), a NASA t'rincipal Deputy,

and Air Force, Na_, ' and NASA Del)uties. The management responsihilities within the.lPO

will hc shared jointly between DoD and NASA. The.lPO is responsible for planning and

conducting Phase It" and Phase Ill of the NASP program. All JPO Deputies and Directors

will be located [till lilne ill theJPO.
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[3] The Air Force shall establish a NASP Inter-Agency ()ttice (NIO) reporling directly to
the tkssistam Secretary of the Air Force for Acquisition, wilh an Air Force l)irector, a N,_i_SA

Principal Deputy, an([ joinl Air Force, Naw and NASA slatting. The NI() is responsible tor

coordination and oversight of policy, btMgetaD. ' program progress, congressional and
public allairs, and other Illittlcls, as required.

SECURI'Dt

The.join! Dol)/NASA NASP Program Security (;uide will be maintained by lheJP();
proposed changes will 1)e submiucd to the Sl(.erinlg (;roup fi)r con(:urrence. O@rall se(u-

rily cognizance will t)e maintained by the Air Force. For NASA, tll,p [o('al point fi)r securi-

ty cognizance will be NASA Ih'adquarlcrs. Thc,lP() will have primm 3, responsibility lot
implementing and managing NASP program sccurily proccdmcs.

PUBLIC AFF'\IRS/I+E(;ISIA, TIVE MAT-I'ERS

(;uidclim,s tot public affairs activities will be prepared by Dol) and NASA, and will be

submitted to 111(?Stecrillg (;rollp tor approval. Both I)<)1) and NASA will retain tile right
to release, within these guidelines, information in their respective areas of responsibililv.

Al)prm+al I<_r public alIairs activilies will be obtained through th(! normal l)oI) or NAS]*\
channels in accordance with these guidelines.

Although each organization will have spccitic responsibility tot legislative inquiries

from their respective oversight commiltees, prior coordination will be accomplished.

PRO( ;RAN] PLANS

The Program Managetnent Plan (PMP) for the owwall NASP program will set tiwth

program goals, majo, tasks and milestones, organization and resp<msibililies, resources
and procu,ement approach. The PMP will also detine a resource allocation and (+onlr<_l

system. The PMP will be reviewed amnmllv, updated as required, and will be approved by
the Sleeting (;roup. For sul)stanlivc changt?s to Ill(:' program, approval to proc(!ed Intlsl [)('
obtained from the Sleeting Group prior to change implementation. Updates tor the PMP
will lit' lilt? responsibility of the,lP().

14] RESOURCES

For planning purposes, the timding required tot the NASP program is currenth' esti-
mated to bc (titan-year dollars in milli(ms):

Prior 1'5"88 89 90 91 92 93 9,t 95 .96

I)oI) 155 183 245 300 390 't25 ,125 ,t 13 357 125

NASA 78 70 11)4 149 119 72 -t6 .t 6 46 38

DoI) and NASA will provide this funding in accordance with the PMP, and their own inter-

md administrative pro(edur(:s, subject t() the availability of timds or o0mr consu-aims

which may be imposed on 1)oi) and NASA. I)ol) and NA'SA will l)(, individually responsi-

ble for providing ac(ountabilitv lor the funds app,opriated 1o their r(.sl)t,(,livv :tgenci(,s by

the Congress which are al)pli(?d to th('joint program. Proposed (hangt,s in l)v(Nram tim(i-

ing will b(' reviewed bv the Steering (;roup. Changes endorsed by the Steering (;roup will
I)c rc(:omm(,ndcd to (ia('h agency tot approval, allocated on a ])r()-rala share t)as('d on lh(,

])ercentagc of ca(h agency's lira(ling for any particular year aftb('l(,d, unless Sl)(,cifi(.d
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otherwise. Each agency will endeavor to provide its share of any rectmunended increases

in program funding. "Appropriale institutional support will also be provided by each

;.IgellCy.

DUIL_TION

This MOU will remain in ettk_ct when signed by both parties until or unless modified

or extended by mutual agreement. Either [)art}' to this MOt! may terminate its participa-

ti(m upon 120"days written lit)lice to tile other party. In the case of such a termination the

party terminating will uudertakc' paynlent (if costs incurred up to the point o|tcrulinalion.

MOU REVIEW

i[ the Steering Group determines the NASP Program is to proceed to Phase III, this

M()U will be reviewed fi.lr its applicability and revised as necessal T.

SIGNATURES

Department of Detiensc

Sccl-t'tary Ill" Defense

l)ate: 31 AL!(, 19SS

[1 - Au,wx A]

National Aeronautics and Space Administration

NASA Administrator

Date: SEP 27 1988

ANNEX A

TERMS OF REFERENCE

NXIqONAL AERO-SPACE PLANE STEERIN(; GROUP

PL]RPOSE

1"he purp<_se of this (;t'oup is to provide policy, guidance, and broad programmauc

direction for tilt +COll(hl(-1 ol tilt" National Aft+o-Space Phule ProRranl.

11. SCOIW.

The scope includes current and future phases of the National Aero-Space Plane

Program which are concerned with tecqmology development and demonstration, but

does not include a 1_ r subsequent l)hases which nlav be devoted to operalional systems

developmenl.

Ill. MEMBERSHIP

(_hai,man:

Vice Chairman:

I_!n(ler Secretary of l)eRqlse

(Acquisition) (USI)(A))

National Aeronautics and Space Adnlinistration, Associate

Administl-ator tot Aeronautics and Space Technology' (AA/OAST)

Execmive Secretary: Depttt,,' Under Secretary of Defense

(Research and Advanced TechnoloD') • • -
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Members: Director of Defense Research and Engineering...

Assistant Secretary of the Naw (Research, Engineering and Syslems) . . .
Assistant Secretary of Ihc Air i:orce (Acquisition) . . .

l)ireclor, Defense Advanced Research Prt_jects Agency (I)ARPA)
l)ircctol; Strategic l)efi'nsc Initiative ()flicc (SI)IO)

Honorm-y Member: Director, Office of Scitmce and Technoh)g_. Policy (()STP)

[2 - Annex A] W. RESPONSIBII,ITII(S

The (;roup is responsible for:

1. Ensuring thal the Program is conducled in accordance with /his MOt!.

2. Periodically reviewing progress of the Program.

2/. Providing policy, guidance a|ld broad programmatic direction fin the conduct of

the l'rogvam, consistent wid_ both the needs of the Program and the olher needs
of the organizati<ms involved.

4. Resolving such policy and guidance issues as may be brought belore it.

PROCEI)URES

1. The (,roup shall meet, at the call of the (:hairman or Vice Chairman, as needed
to thlfill its reSF, onsibilifies.

2. Records of such meetings will be maintained by the Executive Secretary, and dis-
tribulcd to all (;roup members.

3. The Executive Secret_tl-y is reSlmnsil)h, tbr all administrative and imwedtu+al mat-

lets related I<) the lhnclioning <)I the Group.

O0cument111-9

Document title: Department of Defense, "Report of the Defense Science Board Task

Force on the National Aerospace Plane (NASP)," September 1988, pp. 2-25.

Source: Defense Technical Information Center, Ft. Belvoir, Virginia.

l"mm almost the beg'im_i_g +!/'the ,\'atirmal Aermpaee Plaz_e [nog_+am. Ihere we_, doubt._ about whether

it_ objectives were leeh_+ieally.Jka._ible, particularly, in the context _[ the ambitious _chedule _et /m devel-

o[)i_g alert t,_ti_l_( the actual.flight hardware. :l'hi.s earl_' b_depe_de_t review o/ the prog_am by the

D@'n.w 5;eie, ee Bo(od, a top-lt'vel external technical advi._or_ grmup within the Department r!/l)@,_._e,

she_.sed the demandi_g leeh_Hcal requi_eme_tls o] the ('ffbrI and ex[)re_sed skeptieilm thai the pmt,,wlm
couM meet il._plam_ed schedule. 7'he n'port's appendices do not appear here.
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Report of the
Defense Science Board Task Force

on the National Aerospace Plane (NASP)

l)r..loseph F. Shea
Chairman . . .

[stamped "(:LEAREI) FOR OPFN PUBLICATION" and "SEP 29 1988" and "Directorate
ti)r Freedom ()f Intbrmation and Security Review (()ASI)-PA) DepartmeIlt of l)elimse"l

[2 ] SU M MARY

The NASP started in 1984 as a DARPA Program to explore hypersonic air breathing

propulsion. It transitioned during 1985 to a program with the dual goals of demonstrat-

ing single stage to orbit and hypersonic cruise with the same vehicle. When President

Reagan inchided the NASI ) in his 1986 State of the tTnion Message, it I)ecame a major

national program.
Early eslilllales of vehicle size, performance, cost and schedule Wel'e extrel]lCly opti-

mistic, livpersonic technolog3' had been dOlll]ant in the United Slates tor over a decade.
It took about a year tor both (;OVelnment and Industlw to recognize lhe technical deft-

ciencies which existed in all the critical technologies, and the lack of grotmd test facilities

to explore the hypersonic environment, l.ate in 1985, 1)ARPA formed a committee,
chaired by l)r. Victor Re]s, to review technical and nlanagemenl issues on the program.

Among tt_eir recommendations was the initiation of a Technolog3' Maturation Program

(TMP) to better integrate technologT efforts with the design program and to address the
most critical technic,tl gaps. hnplementation began early in 1987.

This l)elense Science Board qask Force was chartered in late 1986 to review the suffi-

ciencv of tht' 'FMP to support a decision to proceed with detailed design and t_d)rication

of at Iiight test vehicle by the end of 1989.
When our review began, the program was supl_orted by five airframe and three

engine contractors doing Phase 2, Part 1I configuration studies. The Technologn/

Maturation Program brought in additional contractors [3] and (;overnment I.abocatories

lor specific tasks, and was supplemented by contractor Independent Research and

l)evelopment efforts.
I.ate in the Summer of 1987, the planned down select to three airframe and two

engine contractors occurred. The program is now it] Phase 2, Part I!, tentatively scheduled

to complete during 1990, at which time one COlltractor would elller Phase 3 detailed

design, l_dn+ication and tlight test of the flight test article.
The National Aerospace Plane Program today is significantly ditt_erent from Ihal envi-

sioned al its outset in 1985. Vehicle weight has grown considerably as have program cost

estilnates. Schedules continue to lengthen because o['t)oth techni( al an(l l)udgetal T issues.

We believe morc such change can be expected.
The Task Force held t_.mr meetings in which the overall program and the 'l'echnolo_'

Maturatiotl Prt_gram were reviewed, lout sub-l)ancl meetings on sl)ecific technologies and

one three day meeting with the cotltractors. Several of the members haxe had exlensive

illvolven]elll _'ilh the NASP either thl'ottgh lnellll)elship OVI the Reis Panel o, through

consulting assignme its directly from NASA or the Air Force.

141 The l-ecomnlendaliolls fronl the Task Force members are unanimous.
Bas tally, we believe that, as a significant national prograln, the NASP should be real-

istically tnesented to its sponsors within 1)ol), its supporters it] Congress and u timately,
through the White l louse to the American public. We define "realistic" as a l)r(_granl with
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a reasonable chance (above 75%, to choose an arbitrary measure) of meeting the peril>r-

mance, schedule and cost goals pmjecwd by its proponents. In today's budgeta D, envi-
lOlllllellt, lack of realism which leads to significant overruns or perfilrmance shortfalls can

result in loss of program support, and tilt" nalional emharrassmem of a major technical
effort poorly execttted..

Having looked in st)me depth into the techu()logies ()f importance to the NASI', we

are impressed with the progress being made. P,uI we are even more impressed by what has

yet to be done to reduce the remaining uncertainties to a reasonably manageable level.

Until these uncertainties are re(luted, tilt' NASP sh()uld not be a'schedule driven pr()-
gram. Rather, it should ht' paced hv events. In particular+ we recon|lllend lhal a set ot+lech -

nical milestones he eslablished which must be (lemonslraled heft)re a contiguration is

baselined and Phase 3 detailed design, thbrication, and flight test initiated.

The tblhm'ing sections summarize the _Iask Force charier and our response it) the

terms of referenc-e, the m;!ior areas of technical concerns, the concerns expressed by the

contractors and our conclusions and detaih'<t recommendations. Six appendices [5] dis-

cuss tile critical technologies in lllOle detail. The seventh appendix smnmarizes individual
COllll'aClol" ('OllllllelllS,

The ],tsk Force strongly supports the overall goals liw tilt' National Aerospace Plato'

Program. We believe <mr recomnwndations suggest a realistic path by which those goals
can he achieved.

During ttle period of ottr review, the progranl has continued to evolve. This report

contains our interpretation of data gathered ]anuaryJune 1987 and reflects NASP pro-
gram status and inforlnation current :is of that time. We helieve management has ahcadv

begun to respond to the recommendations o[ tile 'lask Force which have been extensi,,x_-
ly brieti:d m DARPA, the Air Force, NASA and I)oD.

[61 TERMS OF REFERENCE

The Task Force was chartered to address, hut not he limited to, the tbllowing issues:

1) The overall suMciency of the Program's Technolo_, Maturation Plan (TMP).

2) The degree to which the overall program eftoft adequalely supports the achievement

of the technical objectives of Phase 2 t)f the NASP Program.

3) The nee(l tor additional technolo_ development eftbrts which would extent[ beyond
the time frame of the Phase 2 program.

4) The adequacy anti viahilily of criteria to be salistied in oMer to.justit}, a decision to
proceed to Phase 3 of the NASP Program.

5) The range of missions for the NASP and xariams to the degree required to idenlit,,,

technolog), issues. New capabililies provided by the NASP which otli,r the t)ol<,mti:(I
for new mission possihilities.

71 RESPONSE TO ISSUES POSED

Detailed conclusions and recemunendations are presented in later sections. This sec-

[lOll SIllIIlllal'izes the Task Force l'eS])OllSe It) tim issues raised in our tel'ins ()J" lel¢'lellce.

Although the fi'chnolog+' Maturati<m Plan is a good start, it is tin short of what will be

tequired to enable t]le NASP Plo_l'alll IC, ellteF Phase 3 <m tilt" present scheduh, with
any degree of acceptable technical risk.

2) The TMP does not adequatel.v support the objectives of Phase 2. Some tasks pr<wide

data mo latc to help in the c<mliguration decisions which are required m start Phase
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3.Moreimportantly,lu_ljortechnoiogU,'issuesinstructuresandmaterials,propulsion,
aeroclynanlics,controls,validationofcomputationalaerodynamiccodesandground
testingarenott+eingaddressed.

3] Todosetherisksintheareasindicatedabow+,timding of the liwhnology Maturation

Program sllouid be increased. We estimate tlaat twice as tnuctl as presently planned
could uselhltv be invested. Since total program tmlding is unlikely to increase, this

scans tllat the conliguration eflorts in airtiame and propulsion sllould be scaled

back to a level stfft]cieni to provide a tocus lor the technology efliwt.

4) No quantitative criteria have been established to justify a decision to proceed to

Pllasc 3 of the program.

[81 5) The Task Force did not review tile range of missions for NASP. Such studies are still

ill ,m embryonic st;Me. Howe_,er Ill(' Task ['Ol'('e members believe tllat tile NASP is a

vitally impi_'rtant national program because ot the missions. 1)_lth military and (om-
mer(:ial, it will enahle, ,rod Ihe technology which will I)e matured.

l lypecsonic, air breathing propulsiotl can attain a Specitic Impulse approaching
2t)00 seconds, c(mll)are(l to ab()ut 46(} seconds for c_mventi_ma[ high energ T cry()-

genic fuel rocket engines. A single stage to orbit, reusable air breathing vehicle is a

possibility for low cost to orbit transportation.

ttypersonic cruise vehicles will enable our Military to pmiect American presence any-
where in the world within a tk'w hours, providing timely response ti>r crisis inlerw'n-

lion, str,ttegi( reconnaissance anti terrorist attack. (;|vii|an tzyl)ersonic transl)_irls will

further shrink tht' world.

The National A.erospace Plane is a necessary precursor to these three classes of vehi-

(lt,s. As an X-airplane it will t.xplore the reahn of hypersonic llight, gathering the data
necessary to (werconle the limitations of analysis and ground test facilities. Of equal

importance, the NASP will provide a tocus for the development of tilt: six technolo-

gies critical to hypersonic vehicle design, aerodynamics, supersonic mixing and thel-
air combustion, high temperature materials, cooled structtlres, control systellls and

computati(mal fluid dynamics.

Hie [bill)wing sections address the technical Cl)llCerllS tqlqOtllllered ill ollr review.

I_,tl I)IS(;USSi()N

I'he technologies critical to the NASP are aerodynanlics, propulsi(m, materials, Stl-uctures,

conlrols and computational fluid dynamics (which must support several of ttw disciplines).
The reconlnlendatit)ns of tiw Task Force ;ire based on review of tilese tcclm(>logies

aUltl the technical and management experience of the Task Force members. This section

sumlmuizes tilt" m0:ior concerns wllich shaped our recommendations.

l'he ,q)pendices r.'t)ntain mill'(' (h'iailed disr:ttssit>n of each areal.

Aerodynainics

Tilt' N.-kSP requires an un|)recedented degree of integration of the airfranie with the

|)rliplilsion svsleln. Although this is well recognized by progranl naanagement and the ton-
tractors, tile' prohlenls of integration arc |ormidable. Because of a lack ()t ailequate
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grotand test t)tcilities above about Math 10, some of the critical design issues may only be
resolved by flight test of the vehicle.

The largesl uncertainty is the location of the point of transition from laminar to tur-

buletll tlow. Estimates range from 20% to 80% along tilt' body span. That degree of ttncer-

tain W sigMficantly a|lects tile flow tend|titres at the engine inlet_ aerodvnatnic heal

translk+'r to the structttre and skin fi'ictioll. These in turn aflk'ct estimates of engine per-

ti)rmance, slructtLr+,d heating and drag. The assumption made for the point of transiliou
can afR'ct the design vehicle gross take t)([ weight by a f_l(tol ot two t)l- tiler'e.
[l 0] (]<mlputational fluid dynamics canl/ot predict tv;utsitiott bec,ulsc ttlrbulence must be

introduced lute the calctthtti_>ns empirically, aud m> Ielevaltt dat_l base exists rot tilt" high

Math YunYJl)er |light regime+ In addition, while (;FD [comlmtati_mal flttid dynanlics] is
reasonably accurate for two dinlension,d lain|tray th)ws, calclllations <ff three dimensional

flow arottnd strttctttral details usually needs to be calibrated t)v experimental data.

ThereI_:)re estimates <)f local ht'aling c_]tMiti¢>ns '+rill be imprecise.

I-lislorically, calcttlati<ms o1 aelOdVllamic ])el-I()t+itl,'lliCe ll_tXrt' l)t_t'll validated in gl't)ltn([

test facilities. For Mach ntunbers ])elw,<2ett It'll and twenty five no ground test facilities exist

which can i+roduee true stagnation enth,tlpv aim full senile Reynolds nunlbers. One or sex'-

eral of the critical paranleters can be sinttfial<:d separately iti existillg or proposed t_tci[i-
ties, arid these will provide uselhl data which max narrow the uncertainties. However

there is ctlYtetltly no way to validate methods li>r combining such partial simulation results
to represent the true flight eYJvironmtqtt.

The uncerlainties of aerodynamic i)evfi)rtnance will aII_'ct +tll aspects of the NASP
design.

The NASP program has initiatetl a tlutiof analytic and experinlental efiiwt to under-
stand tilt' natttre of transition. It would seem prttd¢'nl to delay |tilt|at|ell of detailed vehi-

cle design tmlil that effort has narrowed tilt' tltlcert;tilllV i_ hw',ttion of the transition poittt
to ;ttl ,tccept',tb]e to]el_tltte.

] 11 I The air 1)reathing propulsitm sySleln t_1" the NASP lllUSl operate t)t)tn a standing starl

to Math 25. It will consist t)| three distinct c'ycles, low speed (up to about Mach 1 ), ramjet
(sttl)sonic cotnt)ttstion), and scram.iet (SUl)etsotfic cotnbttstion).

The low speed cycle is a significant design challenge, but can I)e adequately tested i,1

ground |hell|ties and iudependetlt flight, as can the ram jet. I]attsition Iron+ ram .jet It)

scram jet coltld be tilt" most critical stage of Ilight, when a n<)rnml shock must be forced
through tile diflhsev, C<)ltlt)ttstor and nozzle wilholtt |]attleotll t)l loss of thrust st) that the

vehicle (itll cotllinlte tt) ac('eler_lle. The svsteln tllttsl avt)i(i atv+, s|t'Ollg shock waves th;It

might I)e caused t)v thel in.jeclion or details (fl the varial)le ge()tnetl+v in the engine tlow
t)ath re(Ill|red t() optimize perft)rmance over the wide flight regitlw. Unwanted shocks

could (lestrov perfornlance or cause unstart which could pl;lce heax T demands on the
vehicle auitu(le ('(mtrol system.

Very lillle is |)t+esently known about tilt" mixing and t+()ml)tlstiotl of hy(h+ogen at very

high stq)etstmic velocities. It is possible that some of tilt" reactious will not be completed

ill the etm+t)ustion chanlber, or even in tile nozzle, which would resuh in a loss <If peril>v-

ttt;lllte. Ftlnd:ltiletlti+t] t'eseill'C|l ill this area has been proceeding sh)wlv becaltse of cotn-
putatiottal and experimental limitations.

[ 12] (]alctflati<ms oftlow lhrolLff, h tile engitte will have larger uncertainties than those dis-

cussed tiw aetodvnanlics because of the uncerlaint} in |Met tend|titres, Ihe more cotnl)lex
geometry t>f tilt' flow path at/d the intro(htclion <)t+ctmtbttslit>n kiuetics. (;r<)lmd test facil-

ities will not provide data mtwh above Math 8, and |:till scale testing will probably riot

exceed Math ,t. \,did testing :it higher Mach tuunber will <rely be done I)v expanding the

tlig, ht envel<_l)e of the |hll scale vehicle. It is highly likely ihat tlow ammmlies will be

encotuttered in tile propulsion syslcn/ which will reqtti,e redesign t)et_)re the tlight test

l)r<+gram caJt proceed. Nonl-]inlrttsive instt+ttnlenlatiotl which can provide the data t_
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resolw such problems must be developed.

The NASP program should consider conducting the equiwdem of a limited pre-tlight
readiness test... [or the NASP propulsion system, as is conventional practice tbf a manned

aircraft program. This would require a ground test facility with continuously variable Math

capability to as high a veloci_' as practical. Ability to demonstrate ramjet to scram.jet tran-
sition w_;uld be very desirable. To this end, modification of the Aeropropulsion Systems

Test Facility... tunnel at Tullallonla, 'li,nnessee should be studied.

Materials

Based upon the preliminary design and pertormance estimates presented t<) the "I:ask

Force, surface temperatures of:the NASP structure will range Dora in excess of 300(FF to
h'ss titan 1200°E For a typical contiguration, some 15% of the wetted [ 13] area might be

exposed to temperatures abow_ 260(YF, 20% to temperatures between 18()O°F and 2600T,

about 50% to temperatures between 1200°F and 180WE with only 15% below 120()°F
where "conventional" materials are available. The higher temperature requirements force

the vehicle designer to make a choice between new, promising materials which arc ill var-

ious stages of advanced development (in general, available only in laboratory quantities),

or active cooling of a major fiaction of the structure.

There appealed to be a discrepancy between consideration of the advanced materials

for the high tenlt)erature stfucture al/d the availability of such material on a schedule

coulf)atible with vehicle [_d)rication. Development of new materials ilwlu(ling scaled up

production t_lcilitics is estimated to lake twelve io t]fteen years. At tile time of our review,
tilt* NASP program schedule would have allowed only live to seven years. We also noted

that no funds were programmed to t_tcilitate whatever scale up is finally required,

althougll the new materials would ,lot see immediate demand outside the NASP Program
and therefore would not be likely to a.ltract private investment.

The lack of scaled Lip prod[tction processes also affects the quality of the material

characterization data available to the structural designel: Small quanlity lols will llOl pro_

vide tile range of material properties required to establish design allowables, damage tol-

erance and tatigue characteristics tor production materials.
[ 1-1] The NASP structure will I>e exposed to high temperature, high entlla.ll)y, disassociat-

ed gas. Reusable coatings will be essential to protect the materials.
In areas where tile structure is exl)osed to hydrogen al high teml)et_tture and pressure

(such as acti_v cooling channels), tile hydrogen molecules can penetrate the material and

catlse embrittlement. The problem is not well understood. Tim program is raising contntctor

awareness ot +the problem, but no fhnded ettbrl was underway at the time of our review.

It is the opinion of the Task Force lhat availability of suilable materials ill production

quantities will be the pacing element in the NASP schedule, and that resources IIIUSt be
identitied to fund the necessalx scale up and characterization effort.

%[l'llCltll'e

l'he structuf,d designer has the fundamental task of designing an optimum smuture

to accet)table minimum margins of safety COlnmensurate with man rating lilt" NASP. To do

that requires that:

1) The materials to be used must be tully characterized from material reasonably close

to or in production, not from small taboratol T samples.

2) The complete operating environment mttst be reasonably known.

[ 15] 3) The analysis nlelhodolog_' to determine external loads and derive therefrom inter-
nal loads must be available, veritiable, a(ctnate alld reas_mably efficient.
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4) The <lesigll can be verified through adequate ground alld flight tKSt.

BKcause of the u,lcertainties I/olt'(l ill <:arlier SKctiotlS in aerodynamic loads and heat-

ing, materials availability, precision of compt,tation and lack of ground test facilities to

replicate thermal atld structural [light loads, tile current ability to meet the slrtwtural
desigm'rs requirements ark marginal to non [-]KXiSIKIIt.

To achieve the NASP perf<wtnancc goals, the vehicle strucltlral weight fraction will
have to I)e twenty live to thirty percent less than the ShttltlK.

In most conventional aircraft the prime loads are aeroelastic. Environmeutal loads

(thermal, acoustic, dynamic response) may be critical Iocalls', but are not usually coinci-

dent with the critical aero loads and ark normally atlalyzed as separate design co_dilions.
But for the NASP the loading is aero thermal elasli(: acoustic and is coincident at the crit-

ical design conditions. Achieving the requirKd slrtwtural mass fi-action in the face of exist-

ing co,nputatiotml capability and ttncertainties in the load and material data bases is
problematic.

Eff_rt llltlSl also be directed at |_tbvicalion tlll,'lllt)<-Is for the llKW materials. Fastening
poses a parlicltlar problem becattse some of thK matKrials dt'monstratK extreme b,ittleness

in certain tempKrature ranges, its well its a ncgalivt, coefficient of thermal expansion.

[ 16] Becatlse o[ thK lack of structural test [acilitics, adequate instrumKntation with real

time data transmission will be a [light saf},'ty requirement. Transmission lhrotlgh the plas-

ma shcalh which will enveh>pe [sit'] the vehicle at the higher Mach ntmll)crs i)rescnts a
scvet-e challenge.

The Task Forcc bcliKves it Woltld bc prlldcn! to establish technical milestones to deVKIop

l]lc data bases required li)r structtwal design with acceptal)le Iolcrances and refine analytic

mKlhods. "l'hesK milestonKs shottld bc accotnplished before proceeding with dKtailKd dKsign.

(5<_ntt(>Is

The National Aerospace Plane (NASP) Program has sotnc of tile most dKtnanding

desigll problctns of ally flight vehiclK <hweh_pmetlt progran+ to date. The extent t+f <otl-

piing bKtwc+<:n the NASP <.onll<)l syst<'m :llld the vchiclK airt+ramt,/proptdsi<)ta svslem

requires lhat II+lKy KVOIve simultanKOtlsl+v. The dKgree <)f Imcertaitlty regarding ava+ilable

co]nponetlt technoh)g T and associatKd l)ertbrma]lce complicates tile task of conlrol sys-

tKm development and ma+ldatt's t'al'l}' idcntilication <)t+pri]tcipal design sensitivities and

tradKs. Also, ImCKrtainties rKgardillg Knvironment characteristics demand devKloptnent <)f
ct)lttrol stralt!giKs which nlaximizK availat)le adaptability and attth<)l+ilv and minimizK the

adVKrSe itlllttence t)l hostile envirol+tnKnl Kftects. All these cotlsideraiions arK as applica-

ble tbr dKvelopment and testitlg t>t a rKsearch vehicle as fiw atl <)pKrati<)nal SVSICIlI. l_ess

specilic knowlcdge t)f the environment dut+ing early test tlights may actttally demand m<)re

control syslKtll adaptability.

[17] 'I'<_successfttlly dt'velop thK NASP control system, it is necessary to identify the most

significatll design concKrns involvitlg, vehicle cotltvol and to initiate a technol<+g_, dKvcl-

opmKnt plan capable of addressing the issues. Thc Kflbrt should occur eatIv enough to
influence ox Ktall vehicle design ill a manner that will assure sltccKssfltl vehiclc'and control

system intKgrati<>n.
The issttKS which must be addrKssed inchtde:

• attitudK control (wilh accuracy t<), t)erhaps, 0.1 dKgrees whilK thK vKhiclK ttndel-
gOKS thertuoelastic dKtbrmafion)

• Ii_it'ct<)rv optinfizati<m

• proptflsiotl optitnizatiotl, incltlditlg algorithtns alld sensors t_ COlllr<)l I)¢>lh throt-

tlt" and variablK gK<)metry
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• stability and control with large uncertainties

• sensors ;hid instrtnllents for tile high Math ilumber regime

• handling qualities
• abort scenarios

• integrated guidance and control systenl

Most of these issues are vehicle design dependent. Therefi_re, a satisfhctol T vehicle

design cannot he developed independent of the on board control system.

[ 18] The Task Force found [that] the technology' road map developed by the flight sys-

tems working group has tile elements dcscrihed to provide an adequate understanding

and effective development program for NASE However, it is not being adequately fund-

ed. Controls and flight dynamics optimizations can relieve environments inimical to suc-

cessful realization of key but very uncertain technologies involved with strnctures,
structural materials, and propulsion systems, tot instance. At the levels of program flmd-

ing currently applied to the flight systems technologies, it is doubtful that these optimiza-

tions can he examined adequately and that ahernatives will be available on a schedule

compatible with tile air frame/propulsion developnmnts..as a rough example of the dis-

parity, it now appears that approximately 1 to 2% of the currently identified funding in

the program is intended to cow'r this ftmctional area. It is our experience |br aerospace
vehicles thai avionics represent a much larger percent of tile total value of the vehicle. It

will not he I)ossihle to reach tile goals of the program at the level of funding now allocat-
ed to the contt-ols and guidance functions.

(]omputational Fluid l)ynamics

The preceding sections highlighted the question of tile accuracy of tile CFD codes.

Much progress has been made in this discipline in recent years, but there is still a long way

to go, particularly at tile higher Math numhers. The Task Force lottnd that the CFD team
had a realistic view ofthe limitations oftheir calculations, and a 1191 well thought ou! plan

for improved capability. However tile program nlllSl guard against exaggerated claims
at}ot.tt the etticacv of CFD as a substitute for wind tunnel or flight test data. If expectations

are raised too high too soon, CFD could be ])tit ill tile unfortunate position of losing cred-

ihility when, in [_lCt, the conlnlttnity will have been making significant advances lhal

should hc recognized as such.
Today, two dimensional calculations art: good; three dilnensional capability is ew)lv-

ing. But even where tile codes are good, they must be calibrated and validated from real
worhl data. This arises from the need to insert certain empirical data sttch as the onset and

length of the transition to turbulence and turhulence characteristic length. In Mach and

Rewtolds nnlnher regimes where no data, or incomplete data exist, the calculations will

Ix.precise but not necessarily accurate. The calculations are also strained when all rele-

vant parameters, such as conlhttstion kinetics, must be included.
CFD is essential t<+ the NASP program. But it must be recognized that tile accuracy

attainable over the next few years will fall short ot+what is required for vehich' design and

performance estinlates.
Another potential prol)lenl is tile conl[)utational requirentents. Some of the codes

take a long time on a powerful computer to converge, on the order of 24 hours. It is like-
ly that several thousand such runs will he required to design the vehich'. Measures should

I')e taken to assure that computer resources will he available, as well as effort directed at

reducing execution time.
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[2O] CONTIL_\CT()R RESPONSE

The "I,tsk Force nlet wilh all eight contractors to review their technologo, eftovts and

explore their views of the isst,es critical to the program. Each meeting lasted approxi-

t)latelv Ihl+ee holtlS, thirty lniniltes of which was a private session with the Task Force.

The tollowing paragraphs sltmtnarize the observations and cot)cet+ns common to tnost

of lhe eight discussions. (The meetings occtuTed in late,ltme, 1<.)87, and retlect percep-
lions of the pt+ogram at that linte.)

• The NASP is lrttly an experinlental vehicle, not a prototype of a space booster or

a hypers<mic cruise airplane. It will be a success if it achieves high Math nun|lint

flight. Design iterations nlay well be required before orbital insertion is achieved.

• There is little COlllidence that the aero-bveathing propulsion alone will be Stlffi-

cient to gaill orbit in the early phases of the ptog, ranL

• There are approaches to cotnpensate lov the uncertainties in the aero-breathing

propulsion, e.g.[,] rockets to help achieve orbital velocity and/or very low drag
designs.

• Uncertainties in aerodynanlic data, particuhtrly as the,,, atfi'ct temperalttre esti-

males and propulsiot) pet-formance, drive Ihe vehich' c_'mfigttration. Estii+iqates of

gross take off weight range [211 fiom about .300,000 pout)ds to 500,000 potlnds.

(]<)ntidence ill these nul)lbers is not vet high.

• Materials development and ntanttlhcllw, lbility pace the program. Materials charac-

terization and scale up fiw production are not adequately thnded. The time reqitired

for Ihese efforts is too long to support the (then) exislittg Phase 3 schedltle.

• The I'echtmlog T Maturation Pt+ogratn is a good start, bttt is not sufficiently

focused on the requirenmtHs of tile mosl probable conligurations. Ahhottgll

inforntalion exchange is good, stronger contractor participation in defining the

[)t<)gt+aut might help.

• Teaming of airframe and engine contractors would be welcomed. (;o<wdination

at)iOllg several col)tl+actors pt'eselHs a significant bttrden.

• A variable Mach nttnlbet +wind tttnnel is required.

• The (t]ten) schedttled Phase 3 sclledule was not realistic.

• The (then) planned Phase 3 funding was not realistic.

The Task Force toiutd these thoitghts congrtmnt with our own ot)servalions.

[22 ] CONCI+USIONS

Based on out" review of the NASP program which extended over a six month period,
the +I,tsk Force reached the following conclusions:

1) The NASP prograni goals are xalid. The technologies whiclt NASP will dm'elop will

make signiticant contributions to our nati+mal military and space capabilities attd out
civilian e(+OI)Olily as We el)let tile twenty litst centtn+v.

2) The NASP is lrttly an X-Vehicle. Expectations of sh_)tt tertn o[)erational tttilitv should
not be raised.

3) +I_'chnical i,ncertainties in all critical disciplines must be narrowed before detailed

design is initiated. Uncertainties are Ioo large to estimate with any degree of accura-

cy the c<)sl, s¢:hedtile or perlo,+mance which cat) l)e achieved in Pllase 3.

4) Rea(!jltSl the prograni funding priorities to favor the Technology, Malttration effort,

while retainii)g sutlicient effort in definili<m airfranle and propulsion cont]g/natiol)
Io provide t_)CllS t<)r the lechlio]okry work.
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5) All experimental program of this type should be event driven, not schedule driven.
Demonstration of quantitative technical milestones ill all critical disciplines should

pace tile program.
6) Hypersonic flight will be important to tile United States in tile decades ahead.

Adequate national ground test facilities must ultimately be provided.

[23] RECOMMENDATIONS

Thcse findings lead tile Task Force to make till: following recommendations:

1) Maintain tile present program objectives. A manned hypersonic vehicle, with the

potential of demonstrating a single stage to orbit and extended hypersonic cruise,

provides challenging focus tbr the development of the critical technologies.

2) Complete a rigorous risk identification and closure analysis. Identify the funlling,
schedule and technical resources required to reduce tile risks lo a level commensu-

rate with the experimental nature of the vehicle.

3) Estahlish a quantitative sel of technical milestones in all critical disciplines which mtlsl

he delnOllslrated lit:fore entering Phase 3.
.t) In anli(il)atioll of tilt" resuhs o1 tile risk clostlre analysis, hi'gin flow tO rel)lan lilt' pro-

gralll bv nlakilig file start of Ptlase 3 del)endcnt Ul)Oll delltOilslration of the icciinical
lllilt'sio'ilt's and t)y signit]canily decreasing tilt" portion of plOglalll ltindillg devoted Io

inaluring the lccllllOlo_'.
._l) [hnl)llasize the experinlenta] nature of the l)rograln. ()nee flight it'll begins, several

design iterations inay be expected before orbital insertion is achieved. Progranl plan-

ning should anticipate the resources which will he required.
[24J 6) Proceed with till" planned down select for hoth engine and airlrame coillractors.

To reduct! tile ntuul)er {if design conlbinations which must be considered, learn air-

trallle alld ellgiile COlltractors at all early date.
7) Foctts lilt' Techlloiog 7 Maluralion Program to SUl)porl lile selected configurations.

Strengthcn tile contractor's input to tile det]nilion of'li'chnolog_' Maturation Tasks.
8) Devcloll a phiil to nlan rate the air breallling engilll', hlvestigate tile addition ofa "¢ari-

:ltiit" math nunil)t'r nozzle to tile meioprollulsioil Sysieins Test Facility luilnel al Arnold

[.hlgineering l)cveioplneni Center to provide a ground lest i)rolluision tttcility.
<.t) NASA and Doll sliouid sitidy tilt" possibilities tbr national hyl)ersonic test facilities tor

a{,ro-lhl'rillal, prol)ulsion and strtictures.
10) Materialls availahiliiv will hc a pacing henl fol the prograln, Develop a plan Io stall! II f)

to production quai'ltilies for Ihe materials selected and to provide characlerization
dala for siruclllral design.

I1) Fund llle tligill control system techilolo_5 road ina t) tasks to a level coinniensuratt'
with Ihc hlll)orlalici' of inlegrated tligtli coillrols Io the i)rogranl

17) (,oiliillue slrong stipi/orl to CFD validation and lhc narrowill<q of tilt" ullcerlainlv in

location o| the point of transition to ttlrt)tl|cilce,

[251 l:_) Identity' lilt" coinllulational resollrtes whicil will he required to SUpl)orl lilt"

dr, tailed design I)hases of lilt" NASP.

\Ve Ilave refrained fFom making detailed reconmlendations in each of the lechnolo-

g_t areas ill lhe belief IhaI the risk ell)sure analysis reconmlended above will provide the

definitiw plan required Rn the program ....
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Document IV-IO

Document tide: The White House, Office of the Press Secretary, "Statement by the Press
Secretary," July 25, 1989.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

I_.7_en the Bush administmtiou hegau its review o/@ace trau._portation pr%r,am+ q]ier it took _[[ice

in.]amtm_V 1989, a tarL_et /or cancellatiou wa+ the _\;4S1' prog_am, which was experiencing s&n!/i-

cant technical problems. Secwtmy o/ lhJi,n.+e Richard Che_m_' moved to camel the proLwam, lie was

overruled b_, the White House on the advice _{fthe National _'pace Coum'il. Instead, President (;eorffe
Bu.@ decidi, d to extend the Pha+e II techmJhpgy devehqmlent phase q/the NASP pr%wam ]or an addi-

timbal three years he/bre a deci.+ion o_t whether to huihl a/hi_d/t test vehicle. (,'ltimately, that decisio,_
was neLrative, a_d the progoam wa._ cancelh,d.

TI IE WHITE t I()USE

()flice of the Prc.ss S,.'cretarv

For Immediate Release July 25, 1989

Statement by the Press Secretary

The Pr('sidenl. acting upon the re¢ommezMation of the \;ice Pr('sidt'nl, has apl)mvcd

the contintmtion of the National Aero-Sl)aCe Phmc (NASP) progr;ml as a high pri()ritv

national cflort to dcveh)p and demonstrat(! h_p,_,,+sotfic t,e(hn<)h)gies with the ultimate"
goal of single-stag('-to-orbit.

The governnwt+t will ('<)nzplete the Pl+ase II t,.+chn<)logy deveh)l)met+t pr<)gram, and

plans to (l<.+v,.+l<)l) atn exl)(,rim(,nlal flight vehicle after +.'_m+q)lelioll ,,f Pl+ats(" II, if |cchni(+al-

ly li+asible. '[he system ++'ill l)e designed I<) [bcus (m the highest priorilv r('search, as

opposed to <_l:,(.rational, obj('ctivt,s, lYnmam1(+<l as well as mann<.,d designs Will l)e consi(l-
ered and the l)r()gram ++'ill be (+on(Itwled in such a way as to lllitlilllize te(htfical and (<)sl
tl llCel'taillty.

The President also approved an implcmetmttion plan Io carry oul this policy. The
plan extends teclmolog_' development until early 1993 I<) reduce technical and cosi risks.

1I retains an experimental llighl vehich' fi>cused on research and technolog, T obicctives

and retains a joint program manag(,met+ll structure with participati(m l)v both the
Departmetlt of Defense and NASA.

The Spac(' Cot,nell rectmmzendalions al)l)roved I)v the President tm-mcd the National
Aero-,";pac(, ]qane at vital nail<real el]oft which t)enctils the civil, commercial and national

seCtll'ily i]llel'eSls ()|" lh(_ llatioll. The NASP l)l'<).gl-alll plOlllOtes in(lustrial comp('litivt'ness, fi)s-

wt.-s U.S+ st)ace lea(h'rship, and provides the technological basis tot g.really t'Xl)ande(l access

t() space in the 91sl centul3,+. We call (m Cottgress re,join in fully imphmm,Hi./g Ihv S1)aC(!

(;ottncil recommendations and in m()'dng lbz_,vard with lhe iml)<)_-tant NASP program.

/

i
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Document IV-11

Document title: Maxwell W. Hunter, "The Opportunity," April 26, 1987 (revised).

Source: Maxwell W. Hunter (reprinted by permission).

Max tturtter was a piom'er in into*vat|re ,_pmv' tra_.sportation concepts. He was one Of the individu-

a{_ who,se ideas were immporated i,_to the Space Sh tat& desig'n that :\5_t,S'Adecided to deveb_p in 1971.

tttmter worked .for Lockheed during the 1980s. h) 1987, he began to suggest that the)e was an

opportu*titv to develop a _ew, low-cost launch vehich', /n'obabl_, based on a sin ffle-.sta_ie-to-orbit hwtro-
g'et_-n_xwy')_desiLrn. 77ti,_ white paper wa,s a comb'n,sation o/ttunter's early thinking, ll7wn LocMu,ed
deeMed that it was not intere,_ted it/advocating _ush a vehicle or |rive,sting it_ own fimd_ i)t its devel-

opment, ttunter resiKned and bega,t individually seeking ,support.for the concept. In l)ecember 1988,

he pre.sented his Mea._ to a g*oup called the "('ilizens Advisory (;oum'il on NatbmaI Space Polic_'. "
,Ittemlmg that meetittg wa.s n,tired I/.S. Arm_' (;em'ral l)aniei (;raham, who had earlier fi.med art

m_-_mi:ation called I ligh l')ontier to support the on,at|on _!]a d@,n._e ,_y._temagai,_t ._tmteKic balli,_tic
mi_._iles, which eventual& became Ihe Strat%,4c l)('[en._e Initiative (SIll). Both Graham and member_ o/

thv coumil had tie._ to Vi)e 15"e_ide_t-elect l)att Qum'le, who would be headin_ the m'w Natimtal Space

(;.umil ome the Bu.dt admini_hatitm e/tte_'(t the 117ule lloase, h_ March 19,_'9, (;raham arranged

/i. tlunler t,, /m'_e_t a hriffh_ to Vice President Qaayle mt hi._ ,%'X c._tcept. Quayh'is interest helped
(;)aham, ttu)tte); aml ,_ci_'m_' /ictim* authm.]er)7 15mr_u,l/e _rat')ltq' '_llp/)##'l /01 DIOtti)I_" ahead with

what ultimatel'_" hecame kmmm a_ Ihv lh'lta Clippe_@'xperimetttal (I)(',-X) pmg_vmt.

The Opportunity

by

MAXWEI_I_ W. ItUNTER

Rcv 26 April 1!)87

11] TIlE OPP()RTUNI'IT

There exists Oil tills planet today a classical entrepreneurial op|lorltttniltv. It is in space
t;olnlllt'r(:t*, illdeed all of space, |)tilt as ill all great opportunilties, it is invisibl_" to IllOSlt. _':lst',

it would i/ot t)e such an opporlunity. For stltC]l an opporlunity to exislt, virltually all acceplt-
ed autilorilties IllllSi bt" eilller llllaWal'e, 0I" SO unperceptive as to be etli'cltively blin(t.

ttisltoricalb,', ltile grealt opporiullilti¢'s llew ill till" [,iCe of accepted authority. |'lie big ])rob-
if'in, illen,'is how to delecl I]le opporlllllilty, especially if you COllllllalld su|'ticiellt rt, sOtlrCCs

[or its illlpit, nlentaltion. Tile,+' art" ialge, tlltq¢" will be IiO (.'its},way it) feel conlforlabie, alld
lllaliV voic_.'s will be raised Oil the side of discomtili-l. This we discuss herein.

;l'|lt" key lto all tills is space ltl-allsporlaltioil. :_tlV D/go believe t:illlcr thai ltiw Space
Shulttle is the tlnal word iit space transportation, or lhalt NASA is the ulthnatc autilOl+ily,
shotlld read liO furthei; No COllllllunicalion will bt" possible, l'|lOSe wlio ieiiit-iilber whalt
Isabella did to lit'l scientilic advisors, alld wiltll what lCsttlts, sllollld lt+;-id till. The shtlltltlc is

a I)eautilhl tlving nlachine, and still is, c'vcn allOl lth¢' accident, hi has done much lto reniow"

lilt" IIIVSltI'I'V il'()lll sp,l(C. With an air ll-_lllSl)Ol'lt looking lnachinl' going io and |}oil| spact',

carrviilg i-_lltier liOrllla] looking pcoph', Ihc day of the slipl'rillail ill tile lill can has I)t!/,n
iclegaled Io history. Due lto Ihl' accidenl, it ltiay i¢'l/illi, butt only IJrietlv. Much ltcchno]o-

2,_',i'.g.[,] heat shil;lds, itas tie¢'ll |)lilt inlto till" illVelllOry. So far, good.
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The shuttle, ]low('ver, was sui)i)osecl to inake space tratls[lorl_tlion VCl"_' ectniomical. Ill

lhis, il has thiled nlise'ral)l),. The sliullle is a ps)'chologic;il irillilil)]i and all o])('rationa] dis-

aster h was supi)osed to tiave beell operated witll the cullilre elall air lr_lllSl)or[ svSlelll. If

its oilei_ilioila] cosl were calculated wilh I]il: iilel]lofis IISCd i)), tilt' Air ]_raiis|)orl

Assoeiati(>n, till" cosl per i)ound to orbit won](I be tilree orders (>t Ina_liiltide lower than

it is. No one expecled it to be lhal low, bill tile idea was to give' il a real lla, , aiid expl(>re
the technicltii, s that ]tact th+it way. Alas, N ....

i\SA elecled lilSte_id It) Slll)i)<)rl three lllaSSi'_,e Cell-

lers on tile progTaln. Tile sliutt'ie has st|own, the llar(I way, |lint arbiliairil), large bnreaii-

eralic exl)endiiures tic) not create, safe |]),ing vehicles. 'Flit slillllIc does llOt evell attempt

It) operate hi ;t transi)ortalion cnhnre . . . it is still niired in Ihe cnllnrc <ffApolio.

Tills sililalion is what (reales lilt, great o])i)orlunit$,. Tile shntlh, will almost cerlainlv

alwa}'s t)e. wiliihe, ld fronl being a |rile space COlll])l'tilor It)), its prilllary list" ;Is a SOtllCC o'f

einl)lO.Vlllenl for NASA [)ersollne]. Now, tllere lliav lic_,,t,r l)e e,llOtl<_]l an%a,vav. i llew vehi-

cle could I)e pill oil strcalll which would I)e _i delTaStaling]), el[Tclive coinl)_-iilor ' t)oltl to

tile sliullie _tll{l to tile exl)endable vetlicle sial)It inchidhllg international] entries. \%'iitl

wtl_it we llO!N know abOlll space trallsport design, s/iC]l _i new vehich, sllouid not Cosl much

lilore per l)onnd i_l develop than aii exf)eriinenial airl)lan e alld possess airt)lane-ciass safe-

IV. One sliouid not linrlerestimale tile DrobleiliS rOillinl,k, solved ill developin/z ' hilgl I per-

ti)llllallee ahcrati. Pile), are as hilh in lechnolot.,r), as sl:lil(-_- vehicles, indeed nsliallv higller

Tile lrilnst)orls are lllan, wolnan anti child-rated lioin tile 1)(:ginning. Millions tit people

lrusl their liv(,s Io I]lem ever v da)'. Tlleir (levelo|)lliClil l)]lilosol)llv it |)erlliillcd, COllid ('oil-
tribute ver)' inlicll to real space llalis|)orl:ilion.

Tile cost of propellants is the_ ()ill), flin(ianlenl_lli), cli|fereni |)rice that rockets lllllSl |)a_.'

conit)aied Io _iirl)laii(,s. ii isn't Inn(h. "Hiis siinalion was crinlinaliv nlisilnclei-siood allei

Si)ninik by ()111 iniglll.v scientitic COllllnllllilt; Rockets, bcCallse ltlev ilillSl cariT all oxidizer

Oil board, were relel_aied ti)rever to the linll)o of lllassive exl)ense4 conll)are{ t" to airl)i_tnes

which get their oxygen "tTir t)_ee '' froill the _ltltiospiler(,. Ii lurns OUt l]lat liquid ox}'gt'n is

exlrelliek' low Cosl, anti tarr),inlr ' it _tioiig ill a ligllt-we _lll l_tilk is vastl)' Sill)trier Ill lilt"

frigillt'ull)' conil)licaied eligiilc ()'ties, diit.iillt. { s)'stenis and hot, hea'_T airfr_llnes reqiliretl

;is the air-i)reailler clesl)eraielv sear(lies for [, i ox.%_,ell instead o| proceechngr, to splice Oll

etticiellt trajectories. Tile ])restnllett rocket ineltlcienc), |las I)ecn used in tile past io illSli-
17' all rockel exp('nses, eVell those whicli Cillne tlOlll scienlillc ll{tiVelleSs or |)urt_:tucratic

lectmolo_i('_tl ti'al.]l( rbt dding. "Fills is a gross niisconc(,i)tion, wllich lias left a lasting ler-
rible w('ig-hi Oil (>ill" space ])rear,ill|.

A relalive]}_ snlail ]l),drogen-ox),gen rocket cotlld be built to |)lace about 20,000

])onnds in orbit, h wonld sland no |ligiler llian the tail oF a [toeiiig, 747 Oll the pad. Wiih

rt'adi]), itvailable lnoderll eh'clronics, only a ti'w people would be re(lnired for ]allnC]l illld

oi)t'r;itions (tile simltle electronics _tie 1i5 years old--;in(lent by eleclronic Slalldarcls). If

tile de'_:elol)nlenl cosl Der ])otlnd were el,('ll t]%'(! Ihnes _ls tiigh" as _t lllodern airl)]aiie ' i!

wonld still cost oil|)' several $100 nil|lion (liOl billions) I_l develop. Tile cost (If the pro-
l)ellaills wonld I)e less than $._ per l)ound of i)a.v]o_ld placed in orbil.

Wiltl a tT<'w Sli(]l rockets (tolloweci I_llcr, lie) doubt, 1)v ]arger sisierships) ihe cIIrrelll

st)ace Iransf)orlaliOli iliarkci conld be st)hited awa),. Flirlll_'rlll(>re fulure inarkeLs, iallgiil_

tr()ni su|)t)orl tier file Slralegic Defense hlilialive Io space tourist|l, will be vastly lar_er, ;lil(t

will _lO'_v in(letiniielv. _t)llle like IOllliSln, will n(ll be (tei)cndenl Oll national p_lic_, or COll-

<_i-cssioiia] t)udgelai-), outlays. Tile ill_irkelilt_ eltorl t)), Sociel'_, l_]x|)e_dilions, both t)ctole

;iiid ati('r tile (]h_i]h'ng_er clisasler, is nlosl eilcoura_illg_ ill this r0_ard. The o])t)orinnil v ill,iV

or lllaV Ilol be its greal ;is the New World of 500 )'ears ago, I)lil ii ]las the SalllC t]av(ll, 7111(|

it (enid easily be grealet;

The possibilii)_ even exists for ]-Jure giol_llie sorl of l)rivaie recorcl selting_ ltlal st)

cnlive, ned tile iiirl)lane scene diiring llle iwenlies and l]lirties. Aciuall,,, its fsicl still going

eli in aiii)]anes , blil sl)ectaClllar in||ill|r), l)lan(,s (alld ext)t, ndilures ) t(J_>k I]1(" e'dge (ill lilt
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situation after tile real war. "File idea of setting space records doesn't even occur to the tra-

ditional fly-boys and girls. That's a tlamn shame. It would be easy tot a small manned r, wk-

et to gene'rate'a higher space speed than any so far. The distance record for a woman away
from earth isn't much, and the extra velocity to break that record is trivial. Actually, loop-

ing hevond tile moon to get further away tr_ml earth than anyone has yet gone would be

child's' play. The possibilities are endless.'Fabulous headlines (and histo_') can be written.
The shuttle has act |dentally created this absolutely wonderful opportunity. Its ttse as

a NASA support program has removed it from the competitive market. It cannel easily it
at all, return. It has achieved the untouchable status of "national resource." l)estroying its

current cuhure (it is bound to get lnore expensive for awhile) is undlinkable to its own-

ers, and a massive taxpayer subsidy just to compete with private enterprise is not likely to

tly. Fortunately lot private enterprise, the most obvious government competitor has

declared icself non-coltlbatatlt.

The opportunity, then, consists of the development, using aircraft-like techniques, of

a new launch vehicle. It would be relatively small (so was tile Douglas DC-3), use the most

modern of operational techniques, and rely heavily on basic technolo_' developed by the

shuttle and other programs. It would likt'lv be a single-stage-to-orbit hydrogen-oxygen
rocket, h would have a sufficient number ot: engines that it could stand an engine failure

at any time after launch and either complete its mission or successlidly abort. This is the

key to') both operational and test flying with airplane-like techniques. Such rockets can be

sh_)wn to be extremely competitive, even compared to such exotic devices as scramjets uti-

lizing air-breathing to orbit (and without their vast engine development costs). It thus

would be expected to have a very long usetid life. It would have both milital T and civilian

application. It would open up space, the New _¥Ollds of loday.
13] The same tactors which create the opportunity also erect the most tormidahle barri-
ers to it. The shuttle, aller all, is most spectacular. I tow can one expect to do t)etter? The

fimds reqttired for a new vehiclc are of dw order of several $101) million. This is riot the
world of a few $100,000 seed money, or even a tk:w million. This is a classical entrepre-

neurial opportunity, not an ordinary one. To dr) it right, greater resources should be avail-
able if needed. The program should not be marginally funded. It's hard to overemphasize

this point. Muhiple tlight vehicles should be provided, for tlight delays due to equipment
unavailahilitv must he avoided. Thus a substantial additional amoltllt should I)e available,

with the obic'ctive of using it io slart lllaior production if successful, bill having it available

for contingencies if truly needed.
Private enterprise can supply such funds, bu! the pet)pie who control them ah'eady

spend them, often on more risky adventttres, but advenlures wilh which they are tam|liar.

Conceivably, lhe operation couid he bootstrapped starting with a few $1(R),000 gelling
small study'contracts (likely mililau), and by living hand-to-mouth eventually build a vehi-

cle with marginal funds, cutting corners all the way. If necessal T, this can be done. it would

be far preti'rable lot a real classical entrepreneur to materialize. In tact, its [sic] overdue.

The people who can supply such funds, howeveL will wan! independent authoritative

opinions as to the risks tilt'}' will be taking. This is where the situation becomes truly clas-

sic, for getting a tavorable opinion is likely to I)e impossible. 'file greatest experts, at ]easl
in the inxeslors['] eyes, will reside at NASA. Any supplemenlatT opinions arc likely to be

solicited from academia and science. Massive ridicttle can be predicted. The only author-

itative grou 1) claiming low orbital costs today are those govel-illllelll tolks promoting air
breathers. They automatically assume airplane-like operations, thus agreeing with the

hasic premise lilal such things can lw applied to space. But they claim that only by breafl>

ing air and using horizontal take off can it be achieved. They freely admit to the necessi-
ty of massive tunding to develop the engi,es. They do not ttnderstand how good rockets

t:an be and actually, rather hate ttlem. They should.
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h is thisbarrierof pseudo-technical opinion which must be surmotmted for tile

opl)ortunity to be exercised. It cannot be snrmoumed bv normal committee action. It can

be surmounted because someone has a dream, an im_ate distrust of "expert" opinion,

so,nething to prove, or even an urge m gel even. 11 has to feel right, in spite of expert opin-
ion. Moving out resolutely, with these feelings onhoard, is the mark of the classical enlre-

preneur, Either one arises, or the opportunity goes tmillled. Right now, its [sic] unftflfilled
• . . and the ghost of Isabella weeps.

[signature of Maxwell W. Htmter]

Document IV-12

Document title: Gary Hudson, Pacific American, Memo to Thomas L. Kessler, General

Dynamics/Space Systems Division, "Comments on SSTO Briefing and a Short History of
the Project," December 17, 1990.

Source: Gary Hudson (reprinted by permission)

Ga O, ftudsot_ was another pioneer in the attempt._ to develop new laumh vehic&s, in hi._ ca._e through

private ]unding. 7his document _vntams his vn:_ion o/the events leading to lhe initiation o]a sing4e-

staL_e-to-orbil (SSTO) rocket pnJg,,am in 1990 Io_the Strateg'ic l)e]i, nse Initiative Orgmnization (SI)IO).

[each page marked "Eyes ()nly'" and "Steve Hoeser"]
[1]

Memo

Date: 17 l)cc. 90

To:

From:

Thomas I,. Kessler

(;eneval Dynamics/Spacc Syslems Division

(;ary C. Hudson
Pacific American

Subject: Comments tm SSTO Briefing and a Short ltistory of the Project

History of the SDIO SSTO Project

l)uring the 1960s, one man, Phil Bono of Douglas, tirelessly promoted the concept of
a iully reusat>le single stage vehicle which would takeoff and land vertically. Bouo's work

was cssenlially ignored t)y hoth his management and the aerospace estat)li_shment of lhe

da'_. Frusltated by this reception, and in cooperation with Ken (;atland of the Bvilish

hlterplanetary Society (whose,],ur_ml had put)lished many of Bono's papers), Bono WI',{)IC

a book called "Frontiers of Space," which was issued in 1969. Much of the book was an

exposition of his \_TOL [vertical takeoff and landing] SSTO concepts. This book was my

first introductiotl to the tield. In fact, when it came out, 1 wrote Bono asking if he had ever
considered private tinancing of this idea. tie wrote back that he douhted if it was teasible,

but urged me to try to secure such itHerest. Over those early years from 1969 to 1974, I

met with him, Ken (;atland, Arthur C. (;larke and others in a futile attempt It) promote a
private reusable \'_F()L.
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Beginning in 1972, I began to modit_' Bono's designs. In 1973, through Ihe good
offices of a friend, 1 was invited to meet with John _;ardley at his home in SI. l.ouis. Yardley

had just been named head of the NASA Office of Manned Spacetlight, and was on his way
to DC. tie brought several MDAC [McDonnell Douglas Aerospace Corporation] people

to the presentation I and a colleague provided. The consensus of the attendees was that

it was possihle to huild a vehicle of the type I described, which was called "Phoenix." The

Phoeifix was to have a plug cluster powered hy RI,10 chambers and lurhopulnps. Most

interesting from my perspective was the acceptance of my cost estimates for prototyt)e

development, which were in the range of $100 million 1972 dollars. Several people at the

meeting said that this was not otll of line, if the project was conducted in a "skunkworks"

fashion. Among the people agreeing with this were Yardley and the MDAC Chief

Engineer. Yardlev also said that he would try to have NASA l IQ investigate the idea once
again (the first siudy having been tt)e Cho'sler SERV Project three years earlier), and he
invited me to DC to hrief HQ staff and also Langley researchers. [2] Nolhing came from

these contacts.
For Ihe rest of the 1970s and into the early 1980s, 1 continued to slttdy the prohlem of

Imp-cost space transportation. While I worked on designs for several types of expendable

rockets, 1 always kept coming hack to lhe %q_oI+ SSTO. During those years a few others also

explored the field, most notably Bob Salkeld, working with Rudi Beichel at Aer¢)je! (mostly

on [vertical takeott' and horizontal landingl) and occasionally others such as Boeing in SUl)-

port of Satellite Solar Power studies. But by and large, this was an inactive period.
(I)uring the mid 1970s to mid 1980s, studies were also underway on military rearmed and

ttnmamted winged vehicles, several of which were single stages or air-launched. These includ-

e(l early an S_M_,ISO [horizonud takeoff and horizontal landing] [1972] which was the tore-
rtnmer_of the 1976 IL_.SV, the TAV/MAV/AMS(_ studies, and Ihe Have Region activities.)

In 1982, after the failure of inw_stors to finance my company to produce a low-cost

moduhu expendahle pressure-fed liquid launch system tor Space Services, Inc. of
Houston, 1 founded Pacific American I,atmch Systems, Inc. to huihl a small SSTO. My rea-

soning was that tt) compete with a government-suhsidized space transportation system, it
was necessary to operate at a cost at least one to two orders of magnitude lower than [thel
Shuttle. Thiswould remove [the] Shuttle fiom the marketplace and, hopefully due to elas-

ticity of demand, greatly increase lhe market tkw space transportation services.
Ohviouslv, it was harder than expected to raise lhe funds necessa O' to hegin l'hoenix

development'. Ew'n with the assistltll(e of Max I ltllller as a Senior Vice President, investors
did not believe that the vehicle could he huih: eveo'one [sic] of them seemed Io have a

hrolher-in-law in the aerospace indusu T or NASA who said we were crazy.
When the Shuule accident occurred, the opporlunity was at hand to try once more to

find fimding. Because the myth of NASA space superiority was shattered by the loss of

('_halle;qZ,,r and subsequent tnissteps, more people were williug It> take lhe conce[)l of

t'hoenix seriously. Mv first attempt at selling the idea was a hriefing to the USAF St)ace

Division/XR in early '1986. The idea was uhimately shot down by Aerospace Corporation's

negative three-page memo review, hut we came close to obtaining a $100K study contra(t.
This was my last atlelnl)t to lind any government support for the pr,ject.

At this point a frustrated Max Htmter got agreemenl from me 1o try something new.

Itis plan was to Colldtlct Hit internal l,ockheed study on a vehicle named X-rocket. This

+'llew" concept would not have the rc_jection issued by Aerospace Corporation, and might,
wilh Ihe l+ockheed name, win converts in I)(L If that occurred, mayhe inveslors would t)ay

more allelltion. I readily agreed.
The X-rocket was widely briefed and t:airly fftw)rably received over a one year period.

[31 Unforttmatelv, l_ockheed support was contingent upon a review lay the II+ockheed

Missile and Spact" Company] Missile Systems Division (builders of l'ridenl). Naturally,

they dittn't know what to ltlake ()1 this wild ilotioll and said it Cotlldll'l work. (It was



EXI'I.ORIN(;TIlEUNKNOWN 577

interestingthattheyconcludedthevehiclewouldhavenopayload,notnegativepayload+
fora0.5milli<mpoundtakeoff weight. This tiont a group who was used m building heaxy,
robust solid latmch systems.) At the sanw lime, Aerospace C<wporation did another hack-
oftheienve]ope review which also rittkaded the |<lea. The comb|hal|on killed the eflort
and Max ttunler retired at the end of his 20 years in 1987.

During the 1980s, an ad hoc group of spa_e prot_'ssionals and enthusiasls met annual-

ly at the home of science fiction writer l.arrv Niven. This group, chaired by auth<nJerrv

Pournelle, was estahlished :it the request o(lh,.. Reagan space transition t_am following

the 1980 election. It was called the "(:ilizens A¢Msorv (kmncil on National Space Policy."

Several times during the decade I presented the Ph<wnix concepl l<) the assembled group,

hut never got endorsement of the idea. (t h,nler, also a ntcmt)cr, was initially negative on
the idea, but then became a strong supporter.)

A frustrated co!moil met in Decenfl)cr of 1988 to try and torge a consensus regardhlg what

to tell the new Vice President, Dan Quaylc, who woul'd he chaMng flw new National Space

Council. The meeting highlight w:cs a presentation on the vehMe known ;c,_SSX, or Space Shi 1)

Experinwntal. (lhmter had renmned X-rocket fi_llowing his departure from I,ockheed.)
Besides Hunter and myselt_ Daniel O. (;raham was in altendance, l le and the res! o[lhe coun-

cil agreed to endorse SSX, and (;rahanl agreed t<) take the idea to tilt! Vice President.

Two months later, in Fehruat_' 19<'q9, (;raham, Hunter and Pournelle brie|ed Quayle,
who expressed serious interest in the concept. (;raham then made the rmmds in DC with

Hunter and Steve Hoeser (of the SDIO program office) to sell the idea to the comnnmilv.

In June/he Aerospace Corporation was once again tasked with an analysis:.lay Peim

perf<)rmed it on a mixture of Phoenix and SSX vehicle cc)ncepts. This lime, a ¢>ne mtmth

study was perf<>rmed with about l0 engineers, and Ihe results were positive. In fact, the

July report on Phoenix/SSX was quite thvorable; a subseqtlent otficial report dated August
was still upbeat, but somewhat less so than the July veision. The difference was that one of

tilt' individuals who had to sign off on lilt' tinal vt(rsion was the author of the previous two

Aerospace lnelllOs which rid|titled tile concept, and he had to he placated.

This favorable report allowed SDIO to begin the process of funding study contracts
under the management of Col. Gary Payton, later replaced by l+t. Col. Ladner. It is inter-

esting to note that, v,:ith the excel)lion of one person in the program office, no one at

SDIO seems it) be aware of the history of this idea. l_adner Olqce asked me "Just who the
hell is this Jerry Poumelle, an_,ay?"

Document IV-13

Document title: Department of Defense, Strategic Defense Initiative Organization,

"Solicitation for the SSTO Phase lI Technology Demonstration," June 5, 1991.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

After the initial studies qf a sin ffle-._tat_e-to-orhit (:;),'7'0) concept by the Strategqc l)f[ense Organization

(SI)IO) in 1990, the mLmnization decided to move fin_tpaM to the next step in developing the concept,

a suborhital demonstration of key element_ q/the concept. MinimalJunds were availableJbr thi._ step,

and the S1)lO empha._ized that the winning_ contractor would operate with minimal government ove_

sij,d_t. This procurement was one qf the.fin'erunne_:_ Of the ':/hsler, bette_; chea/n_" approach to dm,el-
opinl( ._[:ace svstem._. Md)onnell l)oulzlas won the competition and named its vehicle the Delta
Clippe_lfxperimental (I)C- X ).
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Statement of Work for

Single-Stage-to-O rbit (SSTO)
Phase II

Technology Demonstration

ATrACHMENT 1

[2] 1.1 GOAL

Design, develop, and delnt)nstlat'`_ tile ability to provide a reusable single-stage-to-
ovt)it and retu,n launcll system capable of conducting routine, low cost, and highly reli-

able space transport.

1.2 BACKGROUND AND PROGRAM PHILOSOPHY

The Single Stage To Orbit (SSTO) rocket concept of launching payloads to orbit
dates back to the early 1960s. Further development, in these early eftorts, was abandoned

primarily due to the lack o1 supporting technology needed to bltild this class of latmcher.
\'Vitfiin the last 15 years, tile Det)artment of Defl'nse (DoD), the National Aeronaulics

and St)ace Administration (NASA), the Strategic DeRmse hlitiative ()rganization (SI)I())
and the National Aerospace Plane (NASP) have delivered impressive advances ill propul-

si<m, avionics, structures, and materials lechnologies. Recent (;ovelnllleIll and priwtte

industtw assessments indicate that a signiticant payoff +may be available in applying these

technoiogies to a reusable, SSTO rocket-propelled _ehicle with significantly reduced ser-

vicing, integration requirements and cost.
Illgeneral, all SSTO vehicle will operate as a single unit, lalmclwd into orbit and

returned completely intact. The system will be unique because of its capability to operate

over a range of failure modes. Tile vehicle will he designed to require nlinimal nlainte-
nance between tlights, allowing rapid turnaround by today's standards. New user options

tot deployment and space operations will be provided by the SSTO's extensive schedule
and mission flcxilfility. By balancing design, operational and maintenance fitctors, tile
SSTO will drive system costs to their lowest possible h'vel.

The SSI'O Pt{asc 1concept evaluation contracts l)rox_ided ample evidence to indicate lhat

tim capalfilitvnow exists to build SSTO vehicles designed to achieve cost-effective operations.
The objective of Phase I1 of thc program is to refine and fltlly deline the concept, and

conducl critical hardware and software demonstrations. The program will then proceed

inlo Phase I11, the conslruction and testing of it protolype vehich'. This prototype vehicle

will be the equivalent of a Y-class vehicle in aircrati developnlent. It should demonstrate
all thnctional characteristics of the operational w.hicle although some performance

degradation from tile operational vehicle is acceptable [31 if attributable to lowm per-

lot-riling conlpol)ents or sial)assemblies used ill the Y-vehicle for schedule or cost reasons

only. A cleat- path to full capabililv in th'`: operational vehicle is required.
l)emtmstvations of critical hardware, software, contigurations, technology:, and capa-

bility prior to the Critical Design Review ((:I)R) tbnns an integral part of lhe program con-

cept. Thc details of these demonstrations are lo be defined by tile cc.nlraclof its

appropriate to the concept and configuration.
Tilt" CI)R planned for May 1993 will be the final input ill a decision process to pro-

ceed with tilt" Phase Ill constl-uction of Ill,,: Y-vehicle and ground and tlight testing

Ihrough 1997.
The general schedule for Phases iI and 111 of the SSI'() pr(!ject is:
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• SelectionofPhase II contractor(s) ill AUGUST 19(.tl

• Preliminary Design Review (PDR) 6 monlhs after contra(l award

• Progress/slatus reviews, probably Ifinnmthlv, between Pi)R and CI)R
" CI)R May 1993

• (;o/No (;o decision inJulle 1993 tor Phase Iii

• Phase 11I Yvehicle tiisl suborbital flight, 1(`)(,15

• Phase II1 Y-vehicle lirst orbital llight, 1(.)(`17

• Note: Phase 111 will be a separate procurement subsequetU lo Phase 11.

1.3 SCOI'E AND OBJECTIVES

1.3.1 Scop2c

Phase 11 of the SSTO program will include all design, analysis, and testing tasks
necessary t. achieve a successful C1)R thr a Y-vehicle as ¢leti,wd in section 2.0. A subse-

¢tuent acquisitiou For Phase 11I will [bllow toy the Y-vehich, conslvuction and I]ight lest.

1.3.1.1 Scope of Phase II. Phase II will include coml)letion of all SSTO vehich,
design activities, planning tot the initiation of Y-vehicle material needs, demonstralions

I)lanning fbr the critical hardware, software, lechllolo_', design//ol)erational [batures. aud

tesl atctivities related It) achieving a su(:(:esstifl go-ahead toy a sut)sc(luent Phase llI at the
1993 CI)R.

[4] 1.3.1.2 Scope of F'hasc III (For Planning Purposes Only). Phase Ill will include

all a(livities tot procurement, fal)ri(ation, testing, construction of a full-scale Y-vehich,,

and ground and flight It'st program from first suborbital lest tlighl (1995) lo first orbital
test tlighl (19!17).

1.3.2 Objectives

1.3.2.1 ()bjectives of Phase 11. The lollowing objectives are to be accomplished in
Phase ll:

1.3.2. I. 1 (;ompletion of the vehicle system design.

1.3.2.1.2 Complelion of design of all support infrastructures.

1.q.2.1.3 (',ompletiou of demonsmuious of critical hardware, sotlwarc,
technologn,, design and operational ('h;ua(teristics of the vehich', and test

activities t_, support the 1993 (_DR.

1.3.2.1.4 Initiation of i)lans t¢:,F material needs to manttfacttu+e the
Phase Ill Y-vehicle.

1.3.2.2 ()bjectives of Phase III (F.r Planning Purposes ()nly). The Iolh)wing
objectives will t)e accomplished in phase i1I:

1.3.2.2.1 Complete thbricalion of fifll-scale Y-vehich"

1.3.2.2.2 COml)lele Sllbsvsteln and system ground testing and integvalion
in l)veparalion fiw firs! flight
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1.3.2.2.3 (_olnplete all test sile prepaFations tor conduct of flight lest prognun

1.3.2.2.4 Deliver to the test site a flight ready Y-vehicle to begin tlight test

progr;un in 1995

1.3.2.2.5 (_onlplete all ground and tlight testing through orbital lest

tlight in 1997.

2.0 SSTO RE()UIREMENTS

2.1 Single Stage to Orbit

hi order to meet overall program goals, singh' stage capability to orbit and return is
essential. Some l_)rtns of takeoff enhancement may be" acceptable as long an inclusion does

not seriously compromise turnaround, orbit access, or other m_!jm characteristics of the

svstelll.

[ 5 ] 2.1.1 Manned/Ulm]anned Operation

The vehicle must be capable of both manned and Unlnannc<l operation t<) and fiom

all normal orbits, l)esigns nn|n! include lhe ability to conduct normal progranlmcd opcr-
aticms in tlle id)setlce ()t direct man-in-the-h)op contact. The abililv t(_ (:(mlr<)l the vehicle

via a remote pih)t (virtual cockpit) is also a design goal. The vehicle will t/<)t 1)e designed
to I)t' man-rated; instead, atier a reasonable numl)cr of incremental If'st tlights, cmnbined

with the inherent ieliability of tile system, the vehicle will be manned.

2.1.2 Resl)otlsivcness

The vehicle and system must be able to respond to mission requests that fit standard

parameters wiihiu 30 days from the initial request, l lighly nonstandard missions may take

hmgcr. Note lilat this is'uot turnaf()untl. This retlects tilt" amount ()f time that a mission

must spend in the* "queue" betwct'n initial fe(lUeSl and launch. It is desirable to hitvt" a
2,1-hour launch capability following a 30-day advance notil]cati,m. (This will a(commoda.te

las! minute litunc]l (lelai's without cat|sing extensive veschcduling and prcparati_m lime

once this vchich" is mission scheduled and launch ready.)

2.1.3 All-Weather Capability

Tile vehicle must be able to take oitand land without damage in itlclt'nlenl weather con-

(titio,ls. This capability should I)e analogous to tilt' weather (:onstraillLs used by operational

airliners, l)ctails as lo'equivahmt capability (e.g., vehich* (alt'gol)' l, 2, or 3) will be resolved

based upon improved understanding [ot7 practical vehiclc ¢apability. Thc vehich+ Illttsl l)e
capal/le of take oif and landing in a crosswind of 25 Kts [knots] wilh gusts to ?,5 Kts.

2. I A All-Azimuth 1.lunch

All-azimuth launch capability is highly desirable, although some limitations may be

acceptahh" so long its orbit inclination access is not se,-iously COml/romisvd.



2.1.5 Payload Capacil.)-and Accommodations

The at)ility of the vehicle to carry Medium I,aunch Vehich.... payloads is mandalorv

to capture a reasonable part of th(" mission niodel. The goal is payloads as large as

10,(.i00 lb for polar launch azinulfli inlo 100-nmi circular orbiI and commensurate lifl

weights for due easterly launch azimuth inio 100-nmi circular orbit. Payload interlhces

should be compatible with standard exisling rcfiwence satellites and shotlld provide bolh

standard and optional services for new payloads The iniene is m maximize use [6] of con-

tainerizalion/encapsulaiion. A desir;tbh, goal is as near as ])racti(al to 15 ft diameter bv

30 ft length. (Note: This is not a hard requir('n+ent--niercly an indication of desirabll+
range and potential futur(, missions.)

2.1.6 Payload Access in Si)a(c

The current baseline views the payload as a "l)lack box" with nlininlal interface anti

no crew intera(tion other than deploymcnh It should be recognized, howevei, that io

achieve the filll potential of the vehMc or m respond to saf(qv critical events, crew access

illay |)e required tT)r some missions either in all operational or contingency mode. Access

in this conlexI lllaV lllcan cOillmaild, COlltlo], alld (lala; aCllial phvsical collla(-l; or both.

In the cam' of lhe latter, EVA (extravehicular activity) or I\7\ (intr_tvehicular activity) can

be oplions. The vehicle should be designed, as a lnillillitlln, io include such access.'

2.1,7 Orbital Mancuverinl_ "

()il-orbil lilan(!tlvt, rilig velocity thai|go (/ilirl!fl.il,led) ot{700 flils(,( • ill additioli Io r('cn-

lly aiid any landing delta-V (i[ IICCessai-v) is leqliiied. Designs sllowing preplanncd

inll)rovoinenl paths to provide additional c0st-cffeclive nlission deha-V Inargin, or the abil-

ity Io con(hl(i missions I)('vond lilt" t3ast'line, thl-oilgll refuel, payhia(l o[t]oad, or other
InC_lliS aFC ('llC()llr;,tged.

2.1.8 R(!nd('zvous/DockinlT

Provide standard or optional provisions allowing the operalional SSTO to pelf7)llll

Space Transportation Svstein (STS-like operaiions ti)r rendezvous, docking, and also pro-

pellant refueling to either active (cooperalive) or pa.ssive (noncooperative) spacecraft.

Provisions inchide low phlme hnphlgenlent separation nianeuvers, altitude control with

f.iiled ()it or oft lhrilster, an(t \LI)ar (velocity) alld R-bar (raditls) approaches. RelldezvlillS

radal ([radio fic(luency] or laser) will be rt'quired for non-t'ooperalive largels,

2.1.9 Dt'sigil fi)r Low (]()st

Recent studies indicate that with reusable vehicles, design fin operabiliLv and relia-

bility is synergist c with (osi. The contractor should select appropriate opt rations, tel|a-

t)|lily, i('(hnologics ali(t design |i'alili(.s it) enstire nlininlized life cycle cost.

[ 7] 2. I. I 0 Abol'l/Erll(,l._(ql(.);

Intact aborl is desired ill all noncaiasii+of)hic lath|re cases. In ihe ('Velll that inla(l

ill)orl is not possible, a high probal)ilitv of crew (_scapt'/stlrvival is desired. Aspects of this

area of concern are main engine out (apability, Reaction Conirol System (RCS) faihlre,

Orl)ital Maneuvering Syslcm (()MS) failure (if separate from nlaill propulsion), abort

modes, emergency landing cal)itlfility/'silcs, and csca])c m('chanisnls.
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The vehMe must he ahle to acconunodate complete loss of thrust froln one ,>r more

engines during powered [light such that the probability of catastrophic vehicle loss is min-
imized. Flight dynamics envelopes will he maintained (demonstrated) t<> provide sufli-

cientlv wide margins of safetv to account tot the majority of toreseen failure conditions.

The propellant fi'ed system shall be designed to detect arm isolate a massive leak and pro-
vide sulticient propellant tlow through redundant feed line (s) to allow safe abort. Means

to detect and mitigate failures will be critical to [_ail-safe operation. Concepts for emergency

operations will he provided to handle untoreseen failures. This will include as a ininimum

concepts to maintaiu vehicle integrity, contain dr;cstic engine syslem i:ailures including

hydraulic systems (if used), crew satk'ty/eseat)e ilteitstlres, and crash landing options.

The operational vehicle must be able to control its landing site to an accuracy such that

it can consistently land on a runway capahle of handling large commercial jet aircraft, or in

tile case of a vertical lander in a similar area. "limchdtgvn point wilhin tile detined area must

be controllahle to allow touchdown in the filst l/3 of the runway lot horizontal landers or
wiflfin an area not to exceed 1000 ft ill diaineter tor a vertical lander. Maneuverability dur-

ing terminal descent should be adequate for ohstacle avoidance and touchdown point selec-
lion. Tile vehicle must he able to control IOllchdown point and dlili rate at (Olllael lo values

consistent with safe landing. Following landing, the vehicle inttst he transportable to its

illainlellallce/ttlrllarotllld t:acilily in winds of 25 Kts widl gusts Io 35 Kts.

'2.1.1'2 Ta_keott

The vehicle llltlst h_.' ahle to maintain allittlde alld dircclional COlIIFol during liftoff

and ascenl COllSistent with safe operation. This includes engine out and other emt rgency

situations.

[8l 2.1.13 Turnaround

The vehMe must he capable of being turned around (i.e., se,viced as required,

reloaded, and prepared tier launch) within 7 days of landing with the expendilure of no
more than 350 man-days. These values should be viewed as an initial operational capabil-

ity (1OC) requirement. The Y-vehicle turnaround illay require more than 35(1 man-days.
The measure of this ohjective will also he based on the vehicle's and Sul)porting ground

equipnlent's capability to be maintained and serviced I)+v personnel with a high sctmol
educatiot_ or equivalent plus two }'ears technical training or equivalent. _acsdetined here,

turnaround does not include periodic inspection and maintenance, lint only those actions

required to gel ready to tly again, assuming no Ilia]of problems with the vehicle.
The vehicle will require periodic downtimes |_)r more detailed inspection and lllaill-

tenance its is done with comlnercial and military aircraft. This does not form a part of

turnaround, hut should be analyzed, clearly delin_t-d in the maintenance concept, wilh fle-

quency and duration minimized.

2.1.1'I _xtra-Vchicular Aciivit}.'

Provide accommodations to perform a one- and two-person EVA via a separate airlock

and/or by depressurizing the cabin. If tile depressurization option is pursued, lhe avion-

ics, life support, and power subsystems must he compatihle with a depresstu'ized cahin
environment. The vehicle must allow manual payload hay door closure via EVA or IVA and

a hatch to egress the vehicle.
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'2.1.15On-OrbitDwell

The vehicle must provide lifi.- support consumables, for two-person crew for two days

with contingency supplies f<w an additional two days. Preplanned improvement path pr()-

viding additional on-orbit dwell of up to 14 days by substituting consumables for payload
or by other means is desirable.

2.1.16 I+iti: Support

The designs shall provide for human compatible lit;v support and svswm interfaces

such that a coml<)rtable environment is provided and the highest possibh_- fimctional effi-

ciency is maintained at all times. Cabin pressure shall be defined by the (:ornlractor Rapid
response l_)vS_.,docking wit}l NASA space statioll and Soviet Mir must be considered.

[9] 2.1.17 _

I+aunch rate surge capability shall be provided to double the rotltinc latulch rale li)t-

a minimum of 30 days. Contractors are encouraged to provide for additiomfl surge dtna-
tion. capacity or tilture growth potential.

2.1.18 Environmental Impact

The vehicle must meet all range and overtlight c,lvironmental requirements includ-

ing exph)sion hazard, sonic boom. toxic propellants, and destruct systems

2.1.19 Advanced Tracking System

The contractor must provide an advanced conliguration, maintenance and logistics

tracking syste n fi>+ vehicle subsystem and (omponetH status heritage and tracking.

2.1.20 Reliability

The operational vehicle must demonstrate a (safe recovery) rclial)iliv¢ of >.999.
Reliabilities apl_r()aching those of aircraft (>.999995) are desirable.

2.1.21 l)epcndability

The operational vehicle should be available to support launch more than 95% of the

time on the originally planned day (t'1"O111 the start of processing).

9 1.22 Design Margiu

The dependability, reliability, and maintainabilily of commercial aircraft are due pri-

marily to Ill(" margin and robustness incorporated into the design. The following list is

provided as a suggested basis (i.e., not a tirm requirement) for design margin for SST().

- Strtwture margin ofsa.fi:ty (goal >= 1.4 with test)

- Tankage t)tll-St margin of safety (goal >= 1.5 with test)

- Propulsion Assume 2% loss ot +Iw fiom prediction

Assume 20% of reduction in cnginc thrust-to- weight ratio

l)o not normally operate engine al)ove !)0% design thrtust level

l)o not operate engines above 100% design level in al:,ol+l coIHingcncy
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('amtI'ol Assume >6 dB of control margin over worst case conditions

Design tot [Federal Aviation Adnunis/ration] wind/gust loads

Thermal prolection system (TPS) and thermal systems
Maintain 100 degrees C of temperature margin on TPS worst-case

reentry (flmction of numl)er of planned thermal cycles)

Maintain 100 degrees C lhermal limit on all engine components

(ftmclion of numl)er of dwrmal cycles)

Propellanls (cryogens)
Allow tot RMS propellant trajectory, weather, fuel biases, and loading

errors

Avionics/subsystems/equipment
Design for single fault toleranl (or better) on all mission success
systems and two-thuh tolerance in avionics strings. Provide maximum

l_rotection against anlicipated failures.

2.1.23 Example Missions

The need for the SSTO system's capabilities was initially based only on the Strategic

Detense System deplovn_enl requirements, ttowever, the SSTO concept definilion studies

have in(|i_aled great_"r potential [or diverse applications. The example mission areas
described below should be nsed as a guide lot SSTO system design refinement and mis-

sion characterization.

2.1.23.1 Payload Placement: This mission area covers normal satellite/payload

deph_vnwn! missi<_ns requiring an orbital range liom 1.ow Earth Orbit (I.EO) to

(?,e()s_,(n(.hron()tl_, Earth ()rbit ((;EO).

2.1.23.2 Orbital Platform Support: In general, this mission area is concerned with

on-orbil support of various orbiting platforms. It consists of:

_ Si)ace Station/Shuttle SUl)port (cargo, personnel)

- salellile/vchicle on-orbit servicing
- Personnel Launch System (PI.S) type missions

-- :VSstlred Crew Recovm y Vehicle (ACRV) type missions

- satellite recovery/replacement/u])grades

[ I 1] 2.1.23.3 Advanced Mission Suplmrt: The Space Exploration lnitialive (SE1) pro-

rides tlw opportunities tor greatly expanding the SST()'s potential in dlis mission area.
(:ontra(tms are encouraged to determine if, and how, their designs could supl)orl SE1

missions to include lunar or Mars landing, _.nld also to detellnitl{' support to otllt'z poten-

tial commercial space ventures ....

Document IV-14

Document tide: Office of Space Systems Development, NASA Headquarters, "Access to

Space Study---Summary Report," January 1994, pp. i-ii, 1-6, 59-72.

Source: NASA Historical Reference Collection, NASA History Office, NASA

Headquarters, Washington, D.C.
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In 1993, N_&,'_ AdminLgtmtor Daniel GoMin charte_,d a,_ internal _tud_' aimed at identi[ying and

asse.v_ing_ the major allernatives ]or a lonK-rangm direction Jbr ._pace transportation that would satA-

/_' all U.S. needs fi_r several decades into the /utum. ht the same _eaT; Cong,+re_ alao requested NA,%4

to carp 7 out .w+rh a study. 7'hiL_report summarizes the results q[ ihat stur&; its remmme+ndation that

the United Stales bt;t,6n to develop a ,sirt,_le-stag_e-to-orbit muwtbh, .space tmn.s]mrtation system was

incorporated into national poll 0, later in 1994. l_Tmt /O//mrs are ma/or rxce_pt,s ]kom the-beg,4nninl¢
and end q/the report.

Access to Space Study

Summary Report

Of lice of Space Systems Development

NASA Headquarters

,lanum T 1094

[il Synopsis

This study was undertaken ill l'espoilse to a Congressional feqtlcSl ill the NASA

I_5'1993 Appropriations Act. The l+eqlleS| coincided with an on-going internal NASA broad

reassessment of lhe Agency's programs, goals, and long-range plans. Additional motiva-

tions for the SttldV included a rccognilion Ihal while today's space irallsportaliOll svslenls

meet current fimctional needs, they arc costly and less _-eliable than desired, an'd lack

desired operability. This has resuhed in increased costs m the government and in severe

erosion of the ability of U.S. industry Io compete in the inl,rrnational space launch lIIa|F-

ket. A further motivation is the past 'tailme of the Admitfistration and Congress to reach
consensus <m developing more etticienl uew launch systems.

This report sutnmarizes the resuhs of a compreht_nsive NASA in-house study to iden-

tiff/and assess ahernatc at)proachcs to access to space through the year 2030, and to seh'ct
_llld fe('()llllllelld ;t preli:wred COIlI'S(' of aclion.

The goals of Ihe study were to idenlil;e the best vehicles and lransporlalion archileclures

to make m_jor reductiotls in tl|e cost of space transportation (at least 50 percetll), while al

the same time increasing safety t(_l t]ight crews by at leas! all order of magnitude. In addi-

tion, vehicle reliability was to exceed 0.98 percent, and, as importanl, the rotmstness, pad
lime, turnarotuld time, and other aspects ofoperabilit} were to I)e vastly improved.

This study examined three ma.jm optional architectures: (1) retain and upgrade lhe
Space Shuttle and expendable lattnch vehicles. (2) develop new expendal)h + vehich,s

using conventional technologies and transition tiom ctlrfelll vehicles begiuniug in 2005,

and (3) develop new reusable vehicles using advanced technolob,_ , ;.trld transition fi-om
ct.re.I vehicles begintfing in 2008. The launch needs mission model utilizcd for the sltulv

was based upon today's pn!jection of civil, detense, and commercial mission payloa(l
l+t'q uilemell is.

Each of the Ihree options resuhed in a number of alternative architectttres, any of

which could satisf)' the missi<m model needs. Atier comparing designs and capabilities of

the alternatives within each of the three options, all detined to an eqtfiwtlent depth using

the same grotmtl rules, a l)relS.qTed architectural alternative was selected t<) represent each

option. These were then compared and assessed as to cost, safety, reliability, environmen-
tal impact, and other faclors.

The study concluded that the most benel+cial ()p|ion is t() develop and deploy a tully

reusahle singh'-stage-t()-<)rbit (SSTO) pure-rocket launch vehicle t]eel incorporating
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advanced technologies, and to phase out current systems beginning in tile _2008 time peri-

od. While requiring a large up-front investment, this new launch system is forecast to even-
tuallv reduce launch costs to the U.S. (;overnment by up to 80 percent while increasing

vehi_le reliability and sati'tV by about an order of magnitude. In addition, it would place

the U.S. in an extremely advantageous position with respect to international competition,

and would leapfrog the U.S. into a next-generation launch capability.
[ii] The study determined that while the goal of acbieving single-stage-to-orbit fully

reusable rocket launch vehicles has existed for a long time, recent advances in technolo-

gD' make such a vehicle feasible and practical in the near ternt provided that necessary

technologies are matured and demonstrated prior to start of vehicle development.

Ma, jor changes in atcquisition and operations practices, a_swell as cuhure, are idenli-

lied its necessary in order to realize these economies. The study further recognized that

the confident development of suclt a new launch vehicle can only be tmdertaken after the

required technologT is in band. Ttaeretovc, lilt" study recommended that a technolog' 3'
maturati<m and demonstration program be undertaken as a tirst step. Such a progrant

would require a relatively modest investment tor several years.
Tile study thus rcc°mmended that liar development of an advanced technolog3_ sin-

gle-slage-to-olhit rocket vehicle become a NASA goal, and that a tocuscd lecbnolog3' mat-
nration and delttonstritlion tic ullderlaken. Adoption ot this recommendation could place

the U.S. on it path to recapture world leadership i,t the international satellite launch mar-

ketplace, as well its enable much less cosily and more reliable t'uture government space

activities ....

11 ] Introduction

The 1993 NASA Appropriations Act included language that expressed (;ongress' con-

cern ahoul the rising costs of the Space Station and sl)ace trallsportation, and the likeli-

hood tltat NASA's program budgeLs would, at best, he limited in the future, ha view of

these trends, tile Congress' concerns focused on NASA's ability to field a viable space pro-

gram. Congress requested that a study be perfornted to recommend improvements in

Space Sial|on Freedom and space transportalion, and to examine and reval|date civilian

and ttet_.'nse requirenlents for space launch. This study was to be done in close coopera-

tion with other agencies.
At about ttte satne tinte, NASA independently undertook at series of internal studies

its part of a reassessntent of the Agency's programs, goals, posture, and IonDrange phms.
These stttdies considered various options for the redesign of Space Station I,)-eedom, Space

Shutlh' safety and reliability improvements, alternative transportation systems, and others.

Since lilt" Space Station Rt_ttesign Study developed into a tifll-lledged program reorienta-
tion activity during 1993, space transportation emerged as tile key remaining atca of

focus, being at lilt" heart of NASA's ability to support a wide range of national Oblectives

and continue a visional T civil space program.

Another major factor for this study's tocus wits that NASA, togettter witlt the

Departmen! of Deti'nse (DOD) and the aerospace industry, bad spent nearly a decade

defining and advocating a new launch vellicle program (whicll cuhninated in the pro-

posed National l,attnctl System), without being able to reach consensus with tile (;ongress
that it shottld be developed.

Yet another tactor was the continued erosion of the international market share tor

U.S. launch vehicles. This market strive has dropped from 100 percent to abottl 30 per-

cent, largely due to the development and tielding of the Frenctt-buih Ariane system, wltich

targeted and capttued at least 50 percent of the world's space launch market. U.S. indus-
try has found itself increasingly unable to effectively colnpete using ttte cu,Tent genera-

don of launch vehicles.
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Asaresuhofallthese tactors and trends, as well as the specific Congressional request,

a coniprehensive in-honse study was undertaken by NASA to identi_, arid assess the major

ahernatives for it long-range direction for space Iralisp<)ltatioti. The scope of the study was

t(> stlpport all U.S. needs fin space ttansl]ortation--including civilian, c¢mmwrcial, and

defimse needs--lbr several decades into the fltltll'e. This is the Access to Space Study,
which was recently completed attd is sununarized herein.

121
Purpose

The U.S. sl)ace transportation architecture meets lhe current needs for access to space.
The Space Shuttle is the world's most reliable launch svstem, and also functions as a

human-tended r<,'search laboratoi T and satellite deploynw+nt, rewkwal, and repair facility.

The expendable launch vehicle fleet and related upper stages can lift all required defens+e
and commercial spacecraft to their required destinations.

While these systems are by no means dysfimctional, they have major shortcontings

that will only increase in significance in the tim{re, and thus are principal drivers for seek-

ing major improvements in space transportation. While the launch vehicles difler in their
particular characteristics, their aggregate shortcomings are well known. They are too <,'ost-

I+; insulliciently reliable and safe, insitfficiently operable, and increasingly h)sing market
share Io international competition.

This study [ocnsed on identifying long-term inq)rovements leading to a space trans-
portal{on architecture that w,,uld reduce the annual cost of space launch to the 1.!.S.

(;over{line{it by at least 50 percent, increase the salk'ty of +flight crews by an order of nlag-

nimde, and nmke ntajor improvements in overall system operability (turnaround time,

schedule dependability, robustness, pad time, and so t+<mh). The study horizon was s<,'t at

the year 2030 in order to allow time lot new vehicles using advanced technolog T to thidy
dentonstrat<,, their l)otential.

Using, these criteria, this study identifies options for a long-term direction for the tLS.

to meet government, defense, and comm<,wcial needs for space transportation, together

with long-range program plans for intplementation. While the focus of the study is long

term, il re<,:ognizes that immediate improvenwnts are needed. Therefore, l)rogranl rec-

ommendations identif}'ing realistic near-term actMties for transitioning to th<," Iong-ternl
capability are also inclnded.

[3] Approach, Ground Rules, and Organization

Approach

The Ac<,:ess to Space Study team began by recognizing that the Space Shuule and th<,"

expendahle latmch vehicle fleet represent a vei T large investment both in vehicles and

their supporting infrastrn<,:ture. It recognized, based on maw,' past studi<,+s, that tit<,"

replacement of the current capability with any new vehicle or v<,_hicles designed to over-

conte the above named shortcontings is likely to he an expensive and lengthy process.

Thus, the study approach considered, in parallel, a numlmr of alternative apf)roach-

es that differ in the degree of replacement of current capabilit), in the pace at which cur-
rent systents are phased over to the new, and in the degree of utilization of new

technologies. Three majo, ahernative options were del]ned:

1. Provide necessary upgrades to continue primary reliance on the Space Shuttle and

tit<.! <,urrent expendat:>le launch vehMe (El+V) tleet through 7030.
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2. Dcvelop a new cxpendabl<._ latuich systcnl utilizing today's slate-of:the-art tcchnolohq,+

and transitiol+ lron_ tile Space Shttltlc and today's CXl)cndablc launch vchiclcs start-

ing in 2005,

3. l)cvclop a liew l+cttsablc advanced tcchnol<)t.,O' next-generation launch systcnl, aim

transition fiom thc Space Shuulc aim today's expendable launch vehicles slal-ting in

2008.

This strategy; and approach is ilhtstratcd in l]gtu-c 1.

20J1995 2000 2005 2010 20 [5 2020 + 9z

I I I I I I

203<')

Rcqllil ClliClltS ]

N ASA i

1)()1) l

Comllit't(i_ll I

;[ Iv<+<t':tD+"'<>]
n,++.,',,.",Vlllll/, ¢)perate

New ci'cw atll'[ cargo vchich's (:,ld'c, tnct d tcch io o_')

Filzuic ],--_tudx stt;It('14_ ;uid at)l)tl_alli.

1t1 Each of the options was to treat the entire architecture of launch vehicles
required. Ea<,tl w_+luld bc allalyzcd by a SCl);Uatc study tcaln working indcpclidcntly of lilt"

+,)tllt'lS+ The rct-otntllClldaliCillS o1" these tel.tillS would bc assessed t)y a Slll_il] gl+Otlp I'CplH't-

iilg it) the slndv dilcctol +,

(;OllllllOll _l<l_4ls Were cstal)lishcd, aim cvahlatioIl criteria wcrc developed based <m lilt.'

goals-against which each <if the options coilld be measured. These inchlded performalwc

aim cost goals, operability, growlh potential+ ctlvironnlclltal suitability, and othcl+s, as arc

showti in figtu'c 2. These were organized into thi+cc categories in or<lcr of t)riority to tacil-

ilalc billll dcsi<_n st+h,cliOliS ;til¢l CVClilU_il Ct_liil)ai+itivc cv_thlalioii of Ihc it,COlilliiCild0d

itr<.h il t'tl t llt's.
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Fundamental Essential

Requirement Characteristics

1.1 Satisfy tile national

launch needs

• NASA crewed

• NASA uncrewed

• l)()l)

• (_Olllnl(qx+ial

(This inch|des definition <if

payloads ti'()m small to

Shtllll('//Tilall (lass, and

ch'slinations at all ahitudcs and

inclinations, as well as

l)lan ('hu'+v.)

2.1 hnpv(}vc crew satiety by

an order of magni(ud(.

(crew survivability >0.9(,19),

2.2 Accepta])lc lifi!-cyclc _osls
t() includ(,:

A+ At'tbrdabh: D1)T&E

B. Improved operability

and annual operating

cosl It*dtl('lioll ()'¢cr

('lll'l't'llt S'}'Sll!II/S (J(}l" _r I' _

cquixah'n/<50% .

Ex<ludc (()sis ()f

('omlnlTt'iaJ flights.

2.3 %iqfich' wliabilit} ()fat h'asl
0.98.

_.'| l_ ilviroll lll(,ll I_t[Iv

acCcplal)lc: mc('t all
t'llVil'( 111111CII [ill

rt'quilcnlcnts i)l;mnt,d fi)r

Ihc }'car 2002.

l)l)T&E--l)t,sign, dcvt.h)F.mcnt ' tcsl. and ('xalllati(}ll

I"igm (' 2.--At('t'ss to Space capabilil_, goals.

Desired

Features

3,1 hnl)rovc commercial

competitive]less of ]21lll|ch

vchich's.

2.2 (iotmit)utc It:, industrial

c(:onomv (dual-use

tcchnoh;gy and proct'sscs).

3.3 l'hlaMc in('rcm<.,nla]

!h'+',r(+](lpln(q+ t ()I"

lmprovenlcnls.

3.4 Improve c,tpahi]ity rc]ativc

to t'tllT(qll systt+rllS

(inchtding STS).

Sl',%"'-S])acc Transportation Svsttqn

The most beneticial designs that sutvived elimination within each of the three option

teams were to be assessed against these criteria, and a preferred a|chitecmre as to be

selected from them. An implementation plan and recommended actions were to be the

final output of the study. The overall schedule of the study is shown in ligure 3.

Activities 1993

.la''. I Feb..Xla,ct- April Ma, J,,ne I .Jr,l? IAug. I sq,t. I oc,. I n,,,..

Kit.kofl •

O,ganizati(,,,. l'lan m •

()l)ti(m 5;m'rli('s I+'; Tv: ..... ____m_ml

Interim R('p<)rt j

'3tss'CS+;lll t?I 1t 1

.... • J • • al it

[lll('l I1;11 PI'C_;('ll till ioiF_ /IdlnirllStl at( _tA ()MB
AI\

( )KI i, -- ( :_,n_,

I_:xt('l'l' _ll Pl ('4(',llali ..... • AI

l)( l('tllllt.'ll liliil )11

Figmc 3.--Act'('ss to Spa(c StudT+ s('h,,'(luh'.
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[5] Ground Rules

A munber of ground rules were established for tile Access to Space Study. Since a

Space Station redesign was in progress, lhe Space Station l"reedom design was utilized, hi.it

placed into the Mir orbit of 220 nautical miles (nmi) circular altitude at 51.6 degrees incli-
nation. This was done to represenl a worst-case scenario fi)r the space transportation sys-

tems' requirements.
A common mission model was defined that included all US. deR_nse, civilian, and

commercial user elements covering the period from 1995 through 2(}30. This model was

based on consetwative extrapolation of current requirements and planned programs, and

did not include major future possibilities such as exploration missions to the Moon and

Mars. This mission model is shown in figure 4.

Pegasus/_Emrus (;lass
Deha Class
Atlas ( 'Aass
Tium Class
Shuttle Class

Vehicle Class NASA

2.0
3.O
2.O
O.3

8.O

Tolal l.atlllchcs 15.3

F'iglllt' 4 --Alllll.lal] latlll( h d(!lll_[[Id I/IlSSi_DII IIIOdCl "o111 1995 to 2030.

Commercial DOD

1 Nominal + 7 (;rowfll
1 Nominal + 2 (;r()wlh

?, Nominal + 0 (;rowth

5 Nominal + 9 Growth

2
6
3
3

14

For lack of solid tmecasks of fulure traffic, the model was assumed to be constant

through 2030. It was recognized that such a tlat model was unlikely to endure over the

long term and that excursions would evenlually have to t)e Ireated as belier models
became available, as human exploration or other ambilioUs missions became better

focused, or, hopefully, from additional tnarket demand enabled by tilture reductions in

t|le cosls o[ access to space.
The an,real payload weight to orbit represented by this model and the annual costs

for current launch vehicles to launch the model are shown in figures 5 and 6, rcspective-

ly. The U.S. Government launches 660,000 pounds of payload to space annually at a lo[al

cost of $6.7B dollars.
Uniform costing guidelines were developed using conventional weight-based estimat-

ing algorithms to allow direct comparison of all alternatives. It was recognized that inno-
valive and potentially lower cost strategies based on major managemeut, contracting, and

()])erating changes might be considered by some, I)tn uot all, of the option learns.
Therefore it was decided that these changes were Io be lrcalcd as exctlrsiolls IO lilt" "husi-

iless-as-I tsual" nlocle.

It was also decided that the commercial traffic estimates of the mission model were lo

be used for fleet sizing and as a basis tor estimating the production base. However, since

the principal Stlldv aim was to i'educe latllwh COSTSto Ihe government, the cost projections

of the oplions we_e io include only govcrmnent-sponsored missions.
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[6]

Vehicle

Pegasus/Taurus
Deha

Atlas/Centaur

Titan/SRMU/IUS/Ccntaur
Shuttle/RSRM
* S.S. Freedom
• Low-Earth Orbit

NASA Plus DOD Commercial

4 at I k - 4k

9al 10k=90k
5al 18k=90k

3.3 at 4k = 156k

5 at 36k = 180k
3 al 47k = 141k

Totals 661 k

8 at l k = 8k
3 al 10 = 30k

3at 18k-54k
0

All

12k
120k
144k
156k

0 180k
0 141k

92k 753k

k = weight in thousands of pounds

Payload weight expressed in 28 °

(220 nn]i ;it 5ti _ inclination)
low-Earth orbit equivah'nt, except Space Station

Figure 5.--Mission model--annual wcight to olbil.

Vehicle Class NASA DOD Total

P('_astls//W_ltl F[iS

l)cha
Atlas//( :ellGttll +

Tilan/IUS or(:entaur
Shllttlc

2at 13M=$26M
3 at 50M = 150M

2 at 115M = 230M
0.3 at 375M = 125M

Annual Program (:()sls
- 3,850M

2aT 13=$26M
6 at 50 - 300M

3at 115-345M

3 at 375 = 1,125M

$52M
450M
575M

1,250M
3,850M

Infrastructure 526M 526M

Total $4,381 M $2,322M $6,703M

• All costs in b5"93 dollars, millions.

Figure 6.--( :tUleUl [loci launch _ osts.

Organization

The Access to Space Study _r(_s directed bv Arnold Aldrich, Associalc Adminislrator

tot Space Systems I)cwqopmen[, NASA Headquarters. The leaders of the three option

tcanis were Bryan O'(]Olll)Ol, NASA Headquarters, and Jay (;reenc,Johnson Space Center

(.IS(:) for ()priori l; Waync I_ittlcs and [,cn _))rlund, Marshall Space Flight Center
(MSF(:) tot Option 2; and Michael (hiftin, tteadquarters, and (;erie Auslin, Marshall
Space Flight Centcl; for Oplion 3.

Mr. Aldrich tormed a senio>lcvel steering group to periodically review inogress and

provide advice. This steering group included men)hers from NASA l leadquarters and
field installalions, as well as representatives from the Department of l)etimse, Ihe U.S. Air

Force, and the Otticc of (:ommercial Programs in the 1)eparlmcnt of Transportation.
A small grou l) of NASA Headquarters stall; reporting to the study directm, was to ana-

lyze l]lc tealn reports, Make strawlllall asscSSlllCll[S alld reCOllllllCll(talions, and prescnl

them to the steering group and the director. The tinal stttdy conclusions, presentations,
and repot! were to be prepa,ed by this group ....
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[59] Option Team Down-Selects

The nl()st beneficial architectures as recommended by the Option tt'ams are shown in

tilt" shaded areas ill figure 36. These archimctures were presented to the study steering

groul). They were then subjected to comparative analysis from which a preferred archi-

tecture was to ])e selecled.

Option 1

Shuttle-Based

• Retrofit: Evolutionary

improvements. Keep the
current EIN fleet.

• New Build: Above changes

phts major internal mods;
ncx_ orLiitcr. Kccp Ihe current
L:.I+V fit'eL

• New M()ld LAne: Above

changes plus tn;!jor external
roods; new orl)itcrs and

l)oostcrs. Keep the current
H.V fleet.

Opdon 2

Conventional Technology

• 84 conligurations xdth

differing crew carriers, (_tl'gO
vehicles, stage conligtlraIiolls,

engine typcs, and number of
new vchMcs+ R('du(cd to [bur

primary candidaic
archhccturcs:

- (2A): New Large vehicle
• Kee L) Atlas, Deha EI,Vs

• HI+-42 plus ATV

- (21+,): New lg. and sin.
vehicle

• Keep Deha EIN
• CI,V-I ) R)r (row plus cargo

- (2('.): New Ig. and sin.
vchMc

• Keep l)cha EL.V
* ltL-49 plus ATV
• Ltvbrids; STME engines

- (2D): New lg. and sm.
vehicle

• Keep Delta ELV

• HIM2 plus ATV
• RD180/J2S engines

Option 3

New Technology

• 3A: Single-stage-to-orbit all
rocket
- With Titans

• 3B: Single-stage-to-orbit all
rocket
- No EINs

• SiIlglc-st,igc-t(:,-orL)il
ail-brcatLicr ./r( wkt+l
- No EI.Vs

• Tw(/-siagc-to-orbit
aii_L)realhcr / rockcl
- No EI+Vs

|.'igurc 36.--.\i(hileCtUlal aht'rnali',cs proposed t);, tLIc Icalns.

The ()pilot1 1 tt'ali( down-selected 1o the Relrotit AJternalive. This is the ahernalive

thai incorporated only internal changes to tile ,'Space Shuttle orbiter, retrolilted ihenl inlo

tile tleet its the orbitt"rs came ill for nuijor nlait(lenallce, and replaced orbiters ol(ly ti)r

attrition. "Fhe rationale for Ill+." down-select was that this ahernative had the lowest design,

deveiopnietlt, lest, al(d evahialion cost, while eiiabling aboiit tile same level of aiullial

tipelatioi(s cost savings as tile other alternatives.

The ()piton 2 team down-selected to tile 21) architecture. This is an arctiitecture that

built a new expendable 20k-pound payload launch vehicle to replace the Atlas, a new 85k-

pound lift expendable vehicle to replace the Titan and the Shuttle, separate new cargo
and crew carriers, and tile single-enghie (]tqitaur upper stage. It kept llie Delta as a cost-

efli, ciive launcher l(>r smaller payloads. The l)rhicipal reasons t7)1+ the down-select were

that this aherllalive did 11ol i+eqtiire new ell_ilie deveh)pmeni (the RDIS0 was clahned to

lit" a low-risk ilioditlcalion of the curreillly operational RDI?0), had low life-cycle +(isis,

and had the lowest Ol/ei+alions costs for the Alias-class inissiotis, which have a high level of
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conunercial |merest. it accepled tile limitations inheren/ ill reduced down-mass capal)ili-
ty from tile Space Station.

[601 The Option 3 team down-selected 1o an all-rockel, flfllv reusable single-stage-to-orb|!

vehicle. The recommended configuration tor Otis vehicle' incorporated a Iripropellan/

propulsion system, graphite-composite structure, ahmfinunl-li/hium propellant tanks, and
an adwmced thermal proteclion system and Slll)svstelllS. Added margin could be attained
by using gral)hile-composile fuel lanks ralher Ifmn lhose made with aluminunl-lithiunl

fuel tanks. Rockel vehicles were selecled ore, airdlrealhing vehicles on Ihe basis that lhev

had lower design, developnlenl, lesl, and evahtalion costs; lower technologo_ phase costs;

and required less demanding lechnoloD_ l]lal would Iranslate into a more quickly devel-
oped and less risky program.

q_vo versions of the single-stage-t_H_t+l)it rockel were recollnnended. Tile first (Option 3A)
had a transverse payload bay 15 ti?el ill diameter and ?;0-feet long, which could not accom-

lllOdale lhe lalgesI o[ tile Wilall-class missions. This alchilecture l|lllS required COlltilltta-

lion of Ihe Titan expendable launch vehi(h.s in pav, dlel with the new vehicle operati<ms.

The second version of Ihe singl('-stage-lo-orbit r<)ckel vehicle (()[)lion 3B) had a 4B-feet

[sic] long longitudinal payload bay lhal could aCCOlllllIodale all Titan payloads if some
were somewhat downs|zeal (a plan which is under serious consideration within tile

l)epartmen! of l)efense), and thus would no¿ require continuation of expendable launch

vehicles as part of tile architecture. This version was included because of tile high costs of
operaling the Titan expendable launch vehicle.

I611
New Operations Concept

All Ill(! option teanls recognized thai if large savings ill ammal costs were to be real-

ized, new managenlent, conlracling, design, (tevelopmenl, and, particularly, operations
concepts had to be devised. The thndamenlal change required was thai all phases had Io

be driven by efficient operations rather than by attainnlent of maxinmm ])erformance lev-

els. This, in turn, required maximizing ;l.lltolllalioll and minimizing the nil|libel of peo-

ple ill tile "standing amny" on the ground, as well as requiring redundancy, engine-out

capabilily, and robust margins ill all suhsvstenls. In addition, both of the Options 2 and 3

teams recommended avoiding development o1 new technology, ill parallel with vehicle
development in order to minimize program risks and cosl gvowfll.

The ()|)lions 2 a.lld 3 teams reconunended a sn'eamlined management and COll[l:lCt-
ing approach pallerned after the lx_ckheed "Skunk Works," which t>atures smaller, but

dedicalcd and colh>cated govermnen/oversight, a more efficien! COUlractor internal orga-
nizati<m, rapid prototyping, and team continuily from design Io Ilight.

The rec<mmlendations also included a number of specific operalions-oriented items,

some of which ave applicable to reusable w'hicles and others Ttlal apply to both expend-

able and reusal)h: vehicle operations. They included using well-mam,ed technologies,
¢lemonstrated through a ntnnber of [lights t;fan experinwntal vehicle; demonstration and

validation of vehich, design via flights of a thll-scale prototype, willl gradual stretching of
the tlight enveh_pe; certification of tilt: vehicle design and D,pe-certification of the tleet;

avoidinff, continual engineering changes an(t hmg-term (teveltq)menl engineering over-

head t)y freezing the design tot hmg periods |)elweell 1)l()<:k changes; avoiding lnt)sl

detaih,d insl)ecti()n and maintenance after each [lighl unless lilt" need is clearly indicated

by an onboard health monitoring and reporting system, or if the immediateiv previous

tlighl exceeded the flight envelope limits charted ill tile prototype program; op(irat ng the

single-slage-lo-orbil tleet using a depot maintenance philosol)h v in which maintenance is

only (tone by exceplion or every 1 to 2 years; use of small, (le(li_aled ground crews led by

a crew chief enq)owered to make all decisions in operations and maintenance; a reduced

ratio of nontottch to touch labor compared to /hal utilized in today's operations; and
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much use of autonlation on tile ground, as well as ill the vehicle. These amount to a com-

plete change in the way vehicles are developed and operaled compared to currcnl prac-

tice. and ave patterned'after several high-perfbrmance aircraft programs.

In the aggregate, the above recommendations amount to a "new way of doing busi-

ness," which was recognized as being essential if low operating ct)sLs were to be realized.
Its altaiinnent would be a ma:jor shiti from today's t)ractices in lauuch vehicle operations.

[621 Comparative Analysis

The down-selected architectures were compared so thal a decision could be made on

the most attractive Ol)tion. The major tat(ors considered in the evaluation were design,

development, test, and evahmtion costs; operalitms costs; life-cycle costs; and the safety
and reliability (it the concepts. These and other t_tclors considered f()lh)wed the major

evaluation (-riteria identified in tile Purpose section.

Costs Assessment

|'tie costs presented ill this report were developed floln a t'(iltllll()ll set of'ground rules

develope(l hv the Conq)lroller's Otti(e and are predicated on the technical couq)lexity,

operability, mid llight-related ass(unptiol/s of each of the option teams. The (:()sis of tile
rec()nm/en(led architectures were analyzed, with design, development, test, and cvahla-

lion and total program (:osts treated separately. All cost I]gures are shown in constant F_'94
dollars and in a business-as-usual mode, that is, without inc()rp()ralion of the operations

t)r management changes discussed ill the New ()perations Concepts section. This is
because the NASA cost models were designed around the historical data base, and NASA

does not have a mature basis for estimating costs incurred in a diltment culture.

The NASA C()mptr()ller assembled a cost team to ailellipl to estimate the savings that

might accrue if new ways of dt)ing business were adopted, and this team con(:luded that a

30 to 40 percent redu(:lion of the costs shown might be expected (it)crating ill such a
m()de, l-h)wevet; the cost team t(.qt that since ea(h of the options henet]ted dit](:vently

fro,n changes ill culture, the comparison of the dill'erent options w()uld be best served by

using the husiness-as-usual method and then applying estimated reduction [_lCttll's.

The design, development, test, and evaluation costs of the three options are shown ill

figure 37. These curves include a technology phase for Option 3. The curves are annt)mt-
ed with a calh)ut indicating the total technol<lgy, design, development, test, :lid evaluation

('()sis, which are $2.4B t()r Option 1; $11.1B for Option 2; and $17.6 and $18B for Options

'3A and 3I)), respectively-. These curves do not include thcililies, production, or operations.
If tile new ways of doing business were adopted, these costs could lie as much as 30 tt)

40 percent It)wen in $1.5 Io $1.7B for Option 1; $6.7 l() $7.7B fi)r ()ption 2; and $10.6 to

$12.C,B t_)r ()l)tion 3.
The pr()liles of these technolog'/, design, development, test, and evaluation expendi-

titres are very tlitl(.'rent. Options 1 and 2 require large budgets essentially immediately,

while Option 3 has a 4 to 5 year technolob,Q' phase flmded at relatively modest levels hcf ore

the large budget requirements start. This technology phase requires $900M over .5 years
and has an annual t>eak of al>()lll $240M. The profiles of()ptions 3A and 3B are essentially

tile same.

Tile life-('vcle cost pr()files of the thlee opti(ms are shown lhr()ugh the )'Call- 2030 ill

figure ::_8. Th('se ave tt)tal costs for the entil-e period to deliver the mission mo<lel (if the

Apptoach, (;round Rules, and ()rgauization section, and include tile technolog_ < design,

development, lest, and evaluation costs of figure !>)7. A fourth curve is inclu(led in figure
38, labeled "(-ttrrellt systems," which represents the cost to the U.S. (;overlllnent if no

changes are made and the current systems are operated for the enlile period. In l(.)9.r), this
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current systems cost will be comprised of $3.8B for the Space Shuttle, $2.4B fi)r the
Department of Defense expendable launch vehicles and infrastruclure and $0.5B for the

NASA expendable launch vehicles, totaling $6.7B.

[63j

option 3A ($17.6B) __

Option 3B ($1g.0B) __

4 --

_ -

-=, /.g
<i.tr'-'-,...4 I%

v.+9._ 2ooo

Option 2 ($11.IB)
Option 1 ($2.4B)

I

2O05 2O I (1

_2'ar

Figlirt + 37.--I)csigt+, devchq)mcnl, test, and e',ahtatiotl costs oI tlw opti<ms.
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[64] This reference varies somewhat with tilt, expendable launch vehicle annual huys,
inhastructure inveslnmnts, and programnled Shuttle improvements. It was assumed as a

point of re|(qellce Ihal Ill(' expenditures 1-Clllain essentially fixed after 2000, arid that no
additional orbiters will be acquired through 2030, even though a replacelnent orbiter is

likely to be needed sometime during thai interval. The life-cycle cost of this activity, if

nettling is done diltk'rentlv than today, is S233B through 2030.

The cost plot of tilt" a_chitecture of Option 1 shows the increase tot the $2.4B invest-

melll, followed by Ihe $6.5B to retrotit the fleet, and then by a progranuned huy of a

replacement orb|icy in 2010. The annual realized savings in operations costs is only about

$0.25B pel year. Its life-cycle costs are $230B. The investment in design, developmetll, Iest,
and evahla(ion is recovm'ed after 10 years of steady-stale operations. The total illveslllleiIl

including design, development, test, and evaluation, and the replacement orbiter is iecov-

ered in slightly more than 20 years of operation.
The cost plot of the arcilitecture of Option 2 shows the investtneni of $11.IB in

design, development, test, and evaluatioll costs upon the immediate start of new vehicle

development, followed by a rapid reducli<m in the operations costs sta,ting in 2005 when
Ihe new vehicles are inlr_;duced and the Shttttle and most expendable launch vehicles are

phased out. These vchicles are all phased out over 2 years. The operating cosls arc
reduced Io $4B ,mnuallv beginning in 2006. The lite-cyclc costs of Oplion 2 were $192B.

The recovery time t_)r ttw invcsmmnt in design, developnlent, test, and evaluation is ahoul

4 years of si_,adv-state operation. Tile rccovcry of the total design, development, test, and

ex:aluation phls'production investment is about 5 years of stead?_stalc operation.

The plot o[" the archilecttue of Option 3A shows tile investment of $17.6B for tech-

nology, design, deveh)plnent, test, and evaluation through 2008, with the start of Ihe

develol)ment program delayed by at)out 5 years due to the technology maturation and

dem_mstralion phase. This option features tilt' vehicle with the shorter payload bay, which

requires continuation of lilt" Titall expendabh' launch vehicles in parallel.
The ()ption 3A archilecttlre results in a slead}-slale opciatiolls cost t:,l ,$2.6B per year.

That level is nol achieved unlil alier 2020 dtte to a delil)erately slow production phase fiw

the reusable vehicles and upper stages and their spares, which are all purchased continu-

ottslv alld then the production line is shut down. These purchases are stretched over

l0 v_'ars or more to mininlize peak funding needs. The IechnoloD', design, developnlenl,

lesi, and evaluation investment would he recovered ill 4 1/2 years of steady-state opela-

lions, while recovery o1 the total investnlent, inchlding production of tilt: vehicles,

requires 9 years. The life-cycle cost of Option 3A is $198B.

()pilot{ 3B has the Iol_ger payload bay and could catTy all D()I) payloads with SOllle

downs|zing, which Ihe D()D ,nw'accomplish all the [)rogranl's block change tinle in file

first part of tilt" 2000 to 201(I lime period. "Flat" cosl ptolile tov this option follows that of

Option 3A during developnmnt, hut decreases Io an annual operations cost of $1.4B since
no Titans need to lie retained. The life-cycle cost fi_r this option is $169B. '['he technolo-

g'y, design, de,_elopment, tesl, and evaluation investment would he recovered in only

_{ l/2 vt"als of slcadv-slale operation, while recovery of Ihe lotal investment would take

olllV 7 years.

'l'h'c clear message fiom tigure 38 is that new vehicles are required if substantial sav-

ings are desired, and thal attaining the greatest savings requires the largest investment.

The most significant aspects of tile costs of the Ihree options, and some associated
IlICIIiCS, are showll ill []gurt' 3% This ligurc displays l[le cosls tOl I|le lechl/,t)][)_'_.' phase, the

design, developmenl, lest, and evaluation (inchlding tilt" technology' phase), the produc-
lion oF one-tinle or reusable hardware, the annual operations costs in lhe out-years, and

the life-cycle cosls.

[65I In ;|rid|lion to the previous observations, it is important to note that if nothing is

done ditterently, the U.S. (;m, er,unenI will spend $233B for space launch through 2(130
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for the assumed mission nmdel ()f section 2. ()ption 1 only reduces that total by $3B ovm
35 ,,'ears. Option 2 rcdttccs the lile-cvclv cosl by $41B'in non-discotmtcd _lollars, or

17.f_ percent. Option 3A redtl((_s lilt life-cycle cost by $35B, or 15 percent. Option 3B
reduces tit(" liti>cycle cost by $64B, or 27.5 percent.

Thus, the life-cycle cosl savings fi)r ()ption 3B are the greatest of all of the options,
averaging a savings of $1.8B per year ovcr Ihc __5 year )eriod through 2030.

Costs

Operations
Cost

Metrics**

"lL'ch nology

I)I)'I&E (loci.

T('( Ira(dog 5

Pl'odlwtioll

( )])euations

(()ut-_'ars)

l.itk'-( Mle ( :osts

Current

Program

$6.4B 'yr

$27,3B

Option 1
(Retrofit +

ELV Fleet)

Incl. in
I)I)T&E

$2.4B

$5.6B

$6, I I_, ,,'l

$230B

Average $/l.aun(h $322M $293M $,RBM (Sin.)

(Shultk' rcplacemc'nt) (5;TS)* (Sl'S,):_ $205M (l.g.)

$/11) ot I'ayload (Fleet S7,.tg8/II) $6,814/11) Sl;,lO0:11)
.,\_eragc tot Missi(,n

Mc)del)

$/11) ()[ l)avload (Full $6,850/11) $6,23t,'1b i$3,9()0/1b (Sin.)

_,k'h., to I,E(). 2g ')) $1,60(1 'lb (l.g.)

$/Ib (fft'ayh)ad (1o $12,880/11) .SI 1,720,'11) $::;,700, lit (l.g.)
lh(" Spa('(' 5;lalion )

Option 2 Option 3

(Lg. + Sin. (SSTO-R, (SSTO-R,
Veh. + Delta) 30-ft. Bay ! 45-ft. Bay)

+ Titan)

$0AB $(1.9B $O.9B

SI I.IB $17.6B $18B

$2.0B $18.1B $I&7B

$'l.O[),/'v_ $2.(iB/yr $1.4B/'yr

$192B $1981 _) $lligB

S41M $38 M

$,S,90IL,' Ib $2, lI)O,/lb

$980/Ib $920/lh

$I,(:,00 lb $1,500 Ib

(:uH('ut Spa((' Shuttle ('apal)ilil_. (no ASRM)
** In I}l(' OIII-xI';IIN

• (]onslanl FY94 dolhtrs; n() "new ways of doing bt_sin(,ss."

Figur(, :_(}.--%UIIIIIKII-_¢ Ol opli,m (OStS.

Ret_.wring to the cost metrics portion of figttrc 39, it is shown Ihat the I]eel-averag(.

]autwh (-()sls for the mission model wcrc reduced ti()m the (ttrr('nl values of $7,48g per

p<)tmd t() $6,814 per pound ti)l Option 1; $6,100 per pound tot Ol)lion 2; $3,900 per

potmd for ()priori 3A, and to $2,100 p('r pound fi)r ()priori 3B. The h)wcsl cost per I)()und
of payload fi)r the n('w v('hiclcs launching into a 2g-degree in(lina)ion h)w oH)it were $920

and $(.)8(} per potmd fi)r the lwo ()pti(m 3 (ascs. Next high(,r w('r(" the $1,600 per potutd
lo $3,900 per pound tot lhe two (litliwent sized vehMes in ()l)fion 2, wilh the (:onmter-

cially signilicanl smaller vehicle having the larger cosl l)(.r i)ound. The cost for Option l
was $6,234 per potmd.

Tim Sl)ace Shuttle costs per launch were calt:ulatcd consislen! wilh the melh()d()log T
hist<)rically presented to [the ()fticc of Management and Budget| a,td [the (;('nma]

Accounting Ot]icel. While all the costs were lower than the $6,850 to $7,488 per potmd tor

the (urrent Shuttle program when computed the same way, it is clear thai th(" m;):jor cost

savings targeted as a goal f()r this study only a('crtm in archilc(lurcs emph)ying new vehi-

cles. ht addition, it is also ('lear that ()p{i(m _i lowers the launch (()SLS by the largcsl alnounl.

[66l Tim (()st p('r launch to a Spat(, Slat|on il1 a 220 nauli(al rail(' ('ir(ulau 5l-degtec orbit
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showed similar trencks, tile lowest being $38 to $41M fi)r Options 3A and 3B, $85 to $205M ti)r

the Option 2 vehicles, and $293M per launch for the Space Shuttle, computed in the same

way. The cost pet pound of payload to the new Space Staltion <)rbit also showed similar trends.
It is possible that the above operations cost metrics might be reduced finther by

adopting the so-called new ways of doing business, but thc savings obtaincd may be less
than tile 30 to 40 percent predicted for the design, development, lest, and evahtation, and

production reduction. This is because the operations costs are already based on stream-
lined operations concepts, at least for Options 2 and 3. In addition+ further reductions

may be possible by buying launch services from the private sector, but the elt>cts have not

been well quantified.
It is clear flom examinalion of tile cost results that large annual cost savings are pos-

sible, but they can only I>e auained by considerahle up-front investment--the larger the

investment, tile larger'the operations cost savings. It is also clear that the attainment of
costs substantially below about $900 per pound of payload into a 28 degree low-Earth orbit

requires further mlderstanding of the savings obtainable with new ways of doing business,

larger mission models requiring more frequent tlights, technolo D' beyond that of any
alternatives considered in this study, or, most likely, a combination of all" these [aclors.

Other Assessment Factors

Eight major factors were assessed, including a su,n,nary of the costs from the previous

figure. These asseSSlllellt tin'tots arc displayed in tilt" lllalliX of figure .I0.

Option 1
Shuttle
Retrofit

National Launch Mvcts Model

Needs

Vehicle Reliability

Meets liA)_ (;oal t;m

i ,%hult[c and l)cha

ll(>t's Not

Rt.conullt+nd

_;igufifi( ant

nlnl)l t ),+('IlICIIt

Option 2
Architecture 2D

(Lg, + Sm. + Delta)

Meets Modtq Excepl

t25k IIL'},r
t)owmnass ( Ih m'idcs

25k Ib)

Mcels 0.9_, (;oat fin
'&.w Vvhich's and

l)Hta

Mccts 0.999 (;oal

Option 3

SSTO Rocket + Titan SSTO Rocket

5,1t*t*ts Mo(h'l Met'Is Model (ll
I)O1) P/1.

Sht)l t_'nt'(I)

Mccls 0.(.)_ ('.ml t_)l

New Vehi( h'

Mvt'ts 0.999 (,oal

Met't', ().98 ( ;()al

(((Mccts (l.,),).) (',();d

Crew Safety

Does Nm Al)pV<)ach Al)proathvs 30 Excccds 50 l)tq(ClH Fm Ex(ecds 50

Summary Costs 50 Per( cnt Pc)( cnt Rc(-ht( ti(m Reduction (;<ml Per(cnt Rvdu(lion
Rt.du< lion (;oal (;oal (;()al

Signiti(a)n Shttlttc New\q'lfi('lt's: Robust N('w Vehi(l('_;: R()bust New Vehicles: Robust

Operability Iml)rt)venwnt: EI+V and Highl,. and tligh b and l lighb ( )pt+rabl,:

F'lc('l +\>, l', ()pcl al)h'; Della, ( )pcrahlc; Titan ,'ks Is

I'('gasus ,.\s ls

Technical Risk Lmv New Vt+hit h,-I +ow; Modcrate-to-ltigh Modcrate-to-ltigh
lll.-42-Modcfatc (M<)i(' "l_.:( hnolog 3

Rt.qui rt'd )

Modt'ral('Cost Risk

Other Factors

l ,OXv-tO-MO(Ic ralt" Modcrat(*-to-I tigh Mo(h't atv-l()-I ligh

M;!jof lncrcast' in Major lncrcas(' in
[nterlmtional International

Compctltixt+nt.ss ( :Oml)clili_t'n('ss

Additional ()rbital

( _apabilitics

Achit'vcs Pa: it_

With Intt'H)ational

( ;()n'q),.'tili)r,;

l+'iRut t . -lO.--()ption t on',paris()n.
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National Launch Needs

All the optious met the reqttirement to launch the mission model of the Purpose sec-

tion. The requirement also existcd to return all of the mass taken to the Space Station,

which was lnet t)V Options 1 and 3, but llOt 1)v Option 2, which returned only approxi-

mately 20 percent. This was a teattlrc of the do'wn-selected ar(:hiteclure, and was adopted

in order to minimize new vehicle and carrier sizes and costs. The cost of the expended
Space Station carriers and racks resulting from this limitation were accounted tot in tile
operations cosl analysis.

[67] An additional ta.ctor applied to ()ption 3B, which was able to launch the hmgest DOI)

payloads only if the l)OI) downsized them to 45-tk_et in [t'ngth. Preliminmw discussions

with tile I)OD indicated that such downsizing was a distinct possibility at tile time the pay-
loads were due for a block change, about 2002. Indeed, there has already been som'e

(;ollgressional language urging the DOD in this direction in order to allow retirement of

the expensive Titan vehicles. Thus, while the possibility of having shorter payloads might
be realistic, noncthch,ss, Ihe viability of Option 3B rests on this asstmq)tion.

Vehicle Reliability

All vehicles excepl the Atlas and Titan met the goal of having a vehicle reliability

greater than 0.9,_ percent. It was It'll that it was unlikely that these two expendable launcla
vehicles could be upgraded to thai reliability in a c_;st-t!ffectiW.' waY, while the Delta in

almost at this reliability level already. All the'new vehicles were dcsi'gned to exceed this
reqllirelnellt.

Crew Safety

The it_.lprovement of crew satk'ty (probability of crcw survival) to at least 0.999 from

the 0.98 ot the Space Shuttle was lnet or exceeded by tin" m'w vehich,s of Options '+ and

3. ()])tion 2 had a launch escalm propulsion svslell'l ['ill" the entire crew carriez, while

()t)timl 3 adopted escape seats and intac! abort t)f the vehicle into orbit or return to the
launch silt'.

Option 1 did not recommend the addition of escape scats, all estal)e pod, or liquid
])oosters to tile Shtlttle alld, thus, did not illll)lOVt, signiticantly on tht! ctlFrt_llt (TeW saf__'tv

analysis. The reason for this recommendation was that the analysis showed that the,"

expense t'i)r imorporatiotl <d' ;tdditional escape capabilities was high, and that there was a

sis!ill]cant impact on current \chicle capabilities thtc to factors such as a m_jor shift in the
orbiter cctlter of gravit?c

Summary Costs

The costs discussed with reltwellCe tt) figure 39 indicate that Option l did not approach

the 50 percent cost savings goal; ()piton 2 approached it, though it did not meet the goal,
reducing o[)crations costs by about 37 percent; aud both Option 3 ahernatives exceeded

that goal--()ption 3A reducing costs by 59 percent aud Option 3B by 78 percent.
A number of observations were made regarding relative costs. One was Ihe diflicuhv

of reco,lciling cost estimates for operational systems, which are well understood, wit]i

!host, for llew vehicles whose definition is still ill the pre-Phase A state.

(]ompoutlding that ditticuhv was an uncertainty in the alllOllnl o[ (osl growth margiu
to includc in the estimates, whi_:h, in existing syst_mls, was fidt to be largely governed by

external factors rather than inherent growth dtte to inadequate definition or desigl'i
eFrors. The teams questioned, thercfi)re, whether the historical cost growth allowances

using conventional NASA models art" too conservative if uew management schemes are to

I)c adoptcd that might better be able to shield the program from external |_tctors.

An additional <fl)servation is that the NASA cost models ave designed to predict devel-
opment costs and lack a rigorous process for predicting operations costs. Nevertheless, lhe
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estimates developed for the Access to Space Study were made wilh guidance tmtn experi-

enced costing teams using the best costing tools available.

Operability
Enhancements in the operability of the three options were also assessed. Option 1

improved the Shtttlle operability somewhat, hut thai of the companion expendable
launch vehicles was tmchanged. °Fhus, taken as a whole, the operahiliw of Option 1 was

not significantly improved over the present situation.
[68] All the new vehicles of Options 2 and 3 had designs, infrastructure, and operations

concepts specificalb,' tailored for operability anti robustness, and associated significant

reductions in operations costs. |lowever, Option 2 retained the Delta and Option 3A
retained the Titan, and, thus, their overall operahilities were thus somewhat degraded.

Therefore, Option 3B promised the best operahility of tile three options.

Technical Risk
It is apparent lha[ the technical risk will increase with adoption of new design vehi-

('It's, and even more so if new technolo_' is utilized. Thus, tile technical risks were assessed

as low for Option 1, low for tile new vehicles of Option 2 since their designs have been
detincd in detail under the Advanced Immch System and National Launch Systetns pro-

granls, moderate for tilt' t IL-42 crew carrier vehicle of Option 2, and moderate to high for

Option 3 due to the incorporation ot new technology'. Even though ()ption 3 incorporates
new technologq', its risk was ttqt to he manageahle due to the 4 to 5 year technolo_' mat-

uration phase which would develop and denlollslra+le the needed technologies to at h.ast
a level 6 technolob,_' readiness level (proven in their operating environment).

Cost Risk
The cost risk was principally due to tile schedule impacts of technical uncertainl_ies

during development. It was felt to he low to moderate for Option 1, moderate for Option
2, and moderate to high for Options 3A and 3B, tile latter (Irivetl largely by the presence

of new developments and new technologn/.
l'herc was also a recognition that while the options that had new vehicles incurred

greater cost and schedtde risk, this risk increased in proportion to the cost savings they

would enable.

Other Factors
In addition to tile factors assessed ahove, there are a number of other distinguishing

features of the oplions that shouht be considered in making an architectural selection.

The thst of these is the total capabilig, of the Space Shuttle which, in addition to pro-

viding launch and return of payloads has a capability to capture and repair spacecraft,
and is also a crewed orhital research and development t:acility with an orbital flight dttra-

tion of al least 2 weeks. These capabilities would not be replicated if Options 2 or 3 were

to be selected, as crewed orhital laboratory functions are to I)e assutned by the Space

Station. ttowevet, if tile Space Station is not availahle, for whatever reason, this factor

could have all overriding importance.
Another such factor is the ahility tot tile U.S. commercial launch indust W to compete

in the international satellite launch market. Option 1 does nothing to improve the cur-

rent situation. Option 2 wouhl achieve approximate parity with tile projected prices of tile

Ariane IV and Ariane \q the most efficient of tile toreign systems, only after a lengthy

development period. Option 3, <m tile other hand, would lower launch costs so dramati-
cally that U.S. industtw cotfld tmdel+price all competitors+ Tile U.S. wouhl likely capture,

and once again dominate, the inlernational satellite launch market for a considerable

period of time, utilizing these unique advanced technolob,_ vehicles.
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l+astly it was recognized that providing two different means tot assured access to space
fi)r every inlportant payload will be prohibitively ( xp¢ nsive, no matter ho,_+ des rable. One

way ()tit of this dilemma is to recognize that the world has changed and that the imerna-
tmnal space latmch conununitv now has tile capability and reliability to thnction as a back-

up for launching U.S. payloads in tile case of extensive groundings c)t"U.S. launch vehicles.

Thus, while some payloads wottld have to be designed to be compatible with more than

one launch vehicle, assured access to space may be attained by any of the <)pti(ms studied,
widmut major additional inveslmenl, 1)+','proper agreements +,_]ith"other nations.

[69] Observations and Conclusions

]kssessment of the characteristics, perfornmnee, anti costs of tile architectures recolll-

lnellded by tile option tealilS letI to a Illllll])er of ol)sel+vatiolls which, ill ttlril, lend to tile

stud+',' conclusions These are p,escnled below.

Cost Reductions and Safety Increases

The study determined that it is indeed p,,ssible to achieve the objectives of large
reductions of operations costs and increases ill reliability and crew safety at the same time

ill tile same architecture. It did not appear that reasonable nlodifieations to tile Space
Shuttle could achieve these objectives ill a cost-efti+ctive lllallliel +,though a lllllllber of+bell-

elicial improvements Io the Stmtth, system were identified.

New vehicles were required ill th(: architectures to attain these <)bjectives. These vehi-

cles cotdd be constructed using either conventional or advanced teclmologies, with the

conventional le(:hn<)log 3, vehicles appt+oa¢,hing tilt, 50 percent desired minimum opera-

lions cost reduction (37 percent reduction) and tilt+ advanced technologn,+, vehicles great-
ly exceeding it (up to 78 percent <)perations cost reduction).

Design, Development, Test, and Evaluation Budget

Both current technology and new technology vehicles achieved tile targeted operat-

ing cost reductions only after sizable design, development, test, and evaluation budget

investlnents. This budget investnlent was smalleL but ilmnediate, for tile Option 2 ar(:hi-

tectllre tlSillg current technology, new launch vehicles and carriers. Both of the Option 3
architectures required a larger design, development, test, and evaluation budget, but start

of their (te'¢elopnlent was delayed 4 to 5 years as a result of" the necessity of maturing and

ttemonstrating the required technologies Thus, Option }:_is more consistent with pro-
.jotted lleaF.-tel+Ii1 budget availability

Annual Operations Costs

The annual operations costs of the Option ,qB architecture were tile lowest of+all, since

the new vehi(:le replaced all tilt, current generation launch vehicles which have large oper-afioliS COSTS.

Th(" achieVelllellt Of these low operating ('<)sis was conIpletely dependent on making
large-scale changes in the way vehicles are designed, developed, managed, contracted for,

alld <)[)erated. It was concluded t]laI assotiated dcsigns must all be driven by operations,

;is well ;Is bv perfk)rlllallce, alld that resllhillg ar(llilecltll+eS IlltlSt also ent;{il the nlajor

changes in latmt:h infrastrllcture and operations "culture" refk'rred to as "new ways of
doing business."
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Most Attractive Option

hi view of tile above, an architecture ieaturing a new advanced technology' single-

stage-to-orbit pure-rocket launch vehicle was recommended as the most attractive option.

It has the greatest potential for reducing annual operations costs as well as life-cycle costs,

it would develop important new technologies with dual-use in industry, (such as conlpos-
ite vehicle structures for cars and airplanes), it would place the U.S. in an extremely

advantageous position with respect to internatitmal competition, and [it] would leapfrog

the U.S. into a next-generation launch capabililv.

[70] The preferred single-stage-tti-ort)it rocket alternative is that in whictl the vehicle is
sized so as to accommodate all payloads in the mission model, so as to avoid the need to

can T current Titan expendable launch vehicles in parallel. The lowest operations costs
restllted from selecting this sitigle-stage-to-orbit pure-rocket vetlicle as lhe focal point of

the }leW lallliCh al-chilecture.
The large dcvelopment costs associated with this new vehicle would be put off iTw at least

5 years while the technoloD' was being matured and demonsmited. This would allow at least

that lime period for measured consideration of the decision to start a new vehicle program.
On the ottwr hand, delaying the decision of which vehicle architecture to select by

4 or 5 years but not funding a tocused technolog'y phase will achieve nothing, sitlce the
lack of a focused technoloD' progrant during ttuit period will not reduce the risks of devel-

{}ping an advanced technologT vehicle. Therefore, ttw {h{}ices available in 4 It} 5 years

would I}e exactly the same ;is lh{}se wt' lace l{}dp, y.

Technology Maturation and Demonstration

The assessment thai the t)est option is to develop a new, fully reusable, advanced tech-

ilol{}gry sitigle-slage-lo-orliit rocket latuich vehicle is absolutely depell{lent {}it maturhlg
and dem{}llslraiing lh{! le{luired tecilnologies I}el{ile initiatitlg dev{,l{iplnenl.

['hough it is possible lil stal-I devel{}pllieill right away and l}el'forlll le{'hnol°fs_' nlaltl-
ration and deinilnstralion concu}Tently, such all atipr{iat:h carries with it greater techni-

cal, schedule, i.llld {'{}sl risks. Fu}ltler, it would inlniedialely re{luire large I}udgets,

pl'ecluding lilt" 4 It} .r}vt'al's Of r{ latively lii{}desi hu{lgetaly illvestllielil. I towever, (}li{'e lhe

required tectuiologies are lnalured alld detll{iliSl}al{!{l at the' stihsysteill/systelii level in tilt'

pertinent cnvironn}ent, the perceived risk is much ieduced and should be lnanageable.
The technoltigies that require maturation and den]onstration inchide graphite-

composite reusable prinlary structures, ahiniinum-lithiunl and graphite-compo.site
reusable clTogenic propellant tanks, tripropellant or [liquid oxygen]-hydrogen engines

designed for robustness and operability low-maintenance intergral lsicl or standoit ther-

lllal proteciioli svslLemS, ;atll{ili{}Ill{i/iS tligtll C{}llI}'{}l, vehicle health nl{}}lit{}rhlg, and a nuin-

I}er {}f operaiiol{S-t'lihallchlg It.{-hllologies.
These lechn{}l{}gies l}ltisl be {le}ll{}liSlraled {}n the gl{}illl{| alld Ihi{)tlgh tlighis {}| all

experinlental r{}ckel vehicle. Technologies that interact should be tested together, t}oth
{}li tile grl}tllld alld ill the exptwilnentaI vehicle. ,4 sect}lid objective {}t"all {,xperimeillai
vehicle would tit" It} vali{late the vehicle {lesign n}{idels that arc tlse{I It} predict the char-

acleristics alld pelf{}lli}aliie o[ >single-stage-to-orbit ro{-kei veliicles.

Technology Applicability

The ctlrlelit expendable lallliCh vehicles and the Spa{:{" Shuttle will have it} be {}per-

ate{t f{}r al least another 10 it} lD years before iiew launch vehicles can be availal}le.

|lllproYeiilenis I{} the lit'el vehicles tilal significantly itnt}rove their {}perabiliiy and possi-
bly reduce their op{,lalillg {-{isl Stl{}ill(I {-Olllinue I{} I}e c{}nsider{'{t [{}} i}llplelllelilati{}ll.
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[71] The technologm, program for the singh'-stage-to_>rbit rockct would resuh in the two-

hilion of illllneroilS capabilities alid/or cO|ill)Cite Ils./subsvsteilis it|at could be direcllv

applied to these currelit launch vehich, SVSlCliiS. These coul_i iuiprove ihc opcrabililv and',

Io seine degree, |lie cost perforlllallCC el: lilt cilrrl!ll{ _elleraliOli expendable launcii veili-

cle tleel and tilt- Space Shulile until Sli(ll liliie as lhe new vetlicles I)eCallie available Io be

phased ill. The decision to upgrade i|ie ClIITt'III [leel Call be increnlenlal and indcpendenl
fro|l| ilial to slarl ilie technology, progialli.

The new lechnologies will gt:nerallv siippoll lhe devcloplilelll otanv tvDe of ll(,w gtql-

eralion laundl vehicle, even if iililialcd furlher in the ftllure, hi addili;u{ most of lhese

technologies are higilly beneficial in liwir own righl t_lr applications lhroughoill ltw civil-

ian aiid det_.msc colllllilliiilies and Ihc coiliilicrcia[ niai'kelplace.

Space Shuttle

Even illougti iinpr<)venlents io the Space Siiulile were idcnlilied and new veliich,

designs were conceived thai potentially could ilnprov c its COsl aild sateiv it was clear Ill;it

tilt- Space Sliulile relliains lile world's most reliable launcher and is sati, to tly lllilizing

loday's rJgorons processes ilnlil a ileXl gcileraliOil s)'Sleln I)t'__onies availat)ie.

|'tit" Cosl savings ref)ol-le d ])v ihc ()ption I lealli did Ilol consider lilaila_,ellienl of COll-

Iracl infrastruclure clialigcs. Th'cse areas tlave ihe i)olenlial lo ot]cr additional cost reduc-

tion benelits; llowevci; considerations such as these were beyond the scope of the Access
io <qpace Stndy. Snch sludies niav I)c appropriale and benetlcial alld, if so, should t)e

illldertaki:l119}, the Space S]ltlll]0 PlOgialll, h is recognized lilat IIle Space S|lllllle Progialll

has aheady enipllasized operaliolial eltlcicncv illiprovelllt, iils ill ils prograln.

l,asily, lili" ()plion 1 leain reconllilended'l'urlher studies of tl)'llack, fully relisabie liq-
ui(t-fllele(t hoosiers till lhe Spa('c SIlUllic in order 1o ill(reas(, sa|_'ly iuld polcnliallv IUdll(C

cosls. These silidies should tie |)erlTlrllied (o [urllier Ilevclop llie possil)le I)enetlis such it
contlguralion lilighl otl_'l',

National Aerospace Plane

The selection of lhc rot:kcl single-slagc_to_oi.bii over the air-brealhing singh'-stagc

vehicle bv the Option 3 lealii was done t()1 signiticanl cost, risk, and scheduh, COllSidera-

lions. Tile air-brcalhcr Opli<)n was delcrniined io ]lavc nlorc dililcull it'chnologry and+

Iiierefore, would 1)c inert cosily and lakc longer to (levch)|).

Howevei; ah.-bl+eaihing lauiichers potentially ol|{'r a nuinl)er of unique mission (apa-

bililies in which ih(.v illaV ]laVe all a(IVailla_i,. Ttlcsc inthldc launch bile orbits wilh lowcr

inclinalion titan lit{{ latitude of lhc launch site, pcrlorniing sy lergclic |)huie cha.ngcs hi

order to over tly a given Earth location Oll successive orbits, and tlexibililv to perlornl sin-

gle-orbit data colieclion nlissions. In addition, their techn<)log_, is appiicable 1o future

hypersoni( aircrafl, I)olil (}_r (ivilian and ([et}nse appiicalions.

Thus it was conch|deal lhat |lie Nalioiial Aerospace Phule enal)iing let'|ulologry pro-

_ialn should cOillilltle inilependeniiy of any decision Io proceed wiili developnlcnl ot a
nearer-lerili low-[]arlh orbit launcli svslcni.

[72i

Recommendations

Tilt Access lo Space _l/l(]V lllakcs a Illll/l|)Cl" of l'C('()llllll('lldilliOllS. These ilI'C Sllllllllil-
rizcd below.

1. Adopt the (tev{'lo|)nlclil olail advallccd Icctlnolo,ln,,, ti Iv rctisal)[c siligie-slagc-lo-orbil
rot:kct ve]liclc ;is all Agcn(y goal. ' " "
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2. Puv.sue a technologT maturation and demonstration program as a first phase of this

activity.
• The technologies developed should be aimed at a single-stage-to-orbit rocket

using tripropellant propulsion and advanced structures and lnaterials. This pro-

gram would nlattu'e and demonstrate the technologies described in the

Description of the Option Teams Analysis (()ption 3) section and summarized in

the Observations and Conclusions section.

• A co nplenlentary experimental rocket vehicle technology' demonstration tlight

program should be pursued in parallel with the technolo_' development activity.
• These activities should be paced so as to allow tile earliest informed decision on

development of a full-scale vehicle.

3. The technologT, advanced development, and experimental vehicle programs should

be coordinated with the Department o[ Deli:nse.

,t. The Space Shuttle and the current expendable latmch vehicle progra,ns should be
continued. The most beneficial and cost-effective upgrades should be considered for

incorporation into these vehicles until tile new single-stage-to-orbit vehicle becomes

awulable.

,_). Ahhottgh 1he focus of these i-eCOllllllelldatiollS iS a ttchnologT nlatul-ation and

demonstration plogram, additional sludics should be conducted in parallel. They

include system trade studies for the single-stage-to-orbil rocket vehicle contiguration

ill order to guide tile technolo_' activities, and assessment of a tlyback reusable liquid

booster concept for the Space Shuttle.

6. The National Aerospace Plane enabling technology' program sholtld be continued as

a separate and distinct act|lily, as it contributes to future det_.'nse and civilian hyper-
sonic aivcraIt programs, and it has potentially unique tutuve mission applications.

Document 1V-15

Document tide: Department of Defense, "Space Launch Modernization Plan--Executive

Summary," May 1994, frontmatter and pp. 1-18, 23-30.

Source: Documentary History Collection, Space Policy Institute, George Washington

University, Washington, D.C.

"�'tie congm,,v_ional ove_:wer_ o[ the l)epartment o/ l)eJ_'nse (I)01)) directed the Secretary of l)('fi'n.w in

1993' Io d,'v,'lop a phtn fi,r tlie modermzation 0/ I)01) ¢or all _7.S.) launch capabilities. The Secretary

o/ l)e/?n,_e as_iffned thii task to the I'nder Sec_etam o/ l)e/(nse lbr Acquisition and 7_,chnolo_._, who

/ormJ'd an interagenc..' team led by Lt. (,eneral "lho_nas S. Morn:man, Jr., Vice ('ommander o/the I '.S.

Air l:orce Space Comnmnd, to car O' out the study. (77:e study became'widel'_: known as tke "'31oorman
Study. ") The stud_r team developed a Space Laui_ch Modernization Plan ttiat, togelher with the result.s

o/,\(,L'_AI_ Acce.v_ to Space Study, Jormed the ba_i_ of man_ o/the Clinton mhnimstration's policie_ set
,rot in the Auffu,_t 1994 statement o[National Space 7:ransportation l'olic'¢ (we l)ocume_l IV-16).

"l'ke appendice.s and a*_hexes lhttl accompanied tkis executive summary do not at)pear here.
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Space Launch Modernization Plan

Executive Summary

May 1994

[no pag<,! nunlber]

I)Ei_RTMENT ()F TI IE AIR F()R( :E

HEAl)QUARTERS AIR FOR( ',E SPACE (;()MMAN1)

5 May 1994

MEMORANDUM FOR EPL T_ SEt,RE IAR_' ()F I)EFENSED" T r ......

FROM: I tQ AFSP(;/(:V

150 Vandentlerg Street, Suite 1 l(}.r5
Pet<,'rson AFB (:O 80914-4020

SUBIE(:T: Space l.aunch Modernization Plan

In December 1993, you directed that a st{{<,Iv group be tortncd to address the FY 94

I)etk, ns<,, ,-Muhorizati<m J\ct tasking to alert+lop t(oadmap options estal)lishing priorilies,

goals, and milestones l%r the mod<,wnization of 1.?S spa<.<." launch capabilities on t)ehalf of

tilt" Secreta+ T of l)efense. From.lanuaQ, through March 1994, an inter-agency sludv group

with parti<,ipation from each of the nation's Ibm" space se<,:tors--dctense inteliigence,
civil, and c<mmlercial--exanfined this complex issue.

Primal T goals of tit<,"sludv wet<,, to invesligale all t:,l<,'ets of space launch, dev<,'hlp a con>

pr<,'h<,'nsive Imd<,'rstanding and data base, and tbstcr as mttch cons<,'nsus among the gov-

<,wnm<,'nt ag<,'nc es as F_ossible. +I'll<,+allached Exectltive .qunlnlary highlights lilt* findings
and re<,:ommendalions of this grol,p and has been c<mrdinated by your staff through all

appropriat<,, <,'xe<,:utive agenci<,,s. In addition, delailed sub-panel almexes are being final-

ized: they should provide supporting data an<,l rationale fbr the Executive Stlllllllal)'.

Finally, a sunlmary briefing is availabhe for presentation to inter<,'sted parties.

During the cotuse of this three-month intensive e[t_>rl, th<,P study team developed a set

of' roadnlap options for mod<,'rnizing US space laun<,h capabiliti<,+s. Ttu+se roadmap Ol)ti<ms
i,wludc sustaining CItlT,tqll space Ira,rich sVSlcnls, evolving curr<,mt expendat)l<,, launch sss-

tents, developing a new expcn<,tabhe launcil system, and d<,'v<,'loping a new reusal)le laun_+h

system--all k<.+vt,d tO payload user n<e<,'ds to' minimiz<,. Iransition costs. For all t-oatlmap
options, w<,+r<ecomm<,md revitalizing the US "cot</' spa(<., launch letqnlolog_, llr<_granl.

Though this study does not r<,Pcomnl<,m<,l a specific program approach, w<,"1)elicv<,+ Ihe

roadmap options we hay<,, d<,'fint'd will f)roxitl<,, the I)epartment <If l)eRmse a rang<., of

choic<,+s to hel l) the [inited Stales re<,lu<,<,, lilt' cosl and imllrov<,, the operational efl}.'clive-
hess of our space humch capabiliti<,+s.

Tt I()MAS S. MOORMAN,.IR.
IAcultulanl (;eneral, USAF

(2h,tirman, DoD Spa<,c L:.ttlnth Modernization Study...
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[no page number]
TIlE SE(:RETARY OF DEFENSE

WASI lINt;TON, D.(:. 203(il

May 6, 1994

Honorable AI (;ore

President of the Senate

Washington, D(: 20510

Dear Nit'. l)resident:

Section 213 of the National Dcliqlse Authorization Act for Fiscal Year 199,1, dircctc(l

the Secretary of Defense to develop, in consultation with tile Director. Office of Science

and TechnologT Policy, and sut)mit to Congrcss, a plan that "establishes and clearly

defines priorities, goals, and milestones regarding nmrlernization of space launch capa-

bilities fl)r the l)epattlnent (if Defense or, if apl)ropriatc, tor tile (;overnment as a wilole."

li also directed lilt De])arti/iclil Io examine re(luirenlents for a new launch systcnl, iden-

ill\' the llleallS of reducing l)lo(tuct[()ll ('(isis for current laullch svstelllS, and ('onducl a

COlllt)reht, nsive studv of tilt" (lifferen(es t)etweell c×isting U.S. and t()leign e×pendable

space latlllch vehicles.
"fills latter stttdv (ill the differences, whictl is to be completed t)y Oct(lber 1, 19q4, will

be provided separately and is not addressed by this action.

The Departnwnt is not now in a position to submit tile plan that establishes priorities,

goals, and iniicsl(incs for lnodernization, as required by section 213. The Dei)arllnent,
however, has developed it l)lan for nlodelnizalion of sl)ace launch capabilities and is fin--

war(ling herewilh tilt" Executive Stlilllllal'y of that plan. Tills sllnllllaly should t)e viewed as

tilt" til'sl step ill complying with section 213. Tile sulnnlal_' identifies tile options f'()l" lil()d-

ernizing the current expendable launch vehicle fleet, the niilestones tor eactl, and associ-

ated development and operations costs. At this time, tile l)epartment has not selected a

st)ecific option, nor have we chosen to inlplenlent any of tile reconllllendations. Those
actions will I)e a(Idrt'ssed as we fornlnlate the Oepartlnent's fiscal year 1996 budget. That

budget snl)nlission will respond fully to section 213, because we will have chosen a specil-

ic 1)lan of action, which, in turn, will establish tile goals, priorities, anti milestones fin-

hni)h.nlenthlg that I)lan.
.4 sinlilar lcllei has l)eeli seilt to tile S[)eakel- ()[ lilt' [{(lllse.

Sincerely,

John M. Deulch

l)epuly Sec -elary o[ l)efense

En(l()s/Ire

In() page munlierl Foreword

Over the pasl (teca(le, st)ace launch has I)ecil a vel-y challenging and unsellle(t illissi()ll

for tile Del)ailnlenl ()1 Defense tOeD). _ince lilt" decision in the early li)8(ts to iely Ul)(in

lilt" Space Shuttle as the sole access to space t])r lhe Nation, there have t)een cosily acci-

delllS, signific t it p(llicy and t)rogram chalices, and conilliess sttl(ties oil ftllilre lice(Is illl(t

options, in Ill(' all(Tlllalh o1 the (]halleli_,er a('cident, the 1)O1) quickly reestai)iishe(l

exi)endable latliich vehicle (El,V) capabilities to regain access Io space for critical



EXPI,()RIN(; I'IIE UNKN(IWN 607

national security missions. Howeven these regenerated capabilities were based up(m exist-

ing launch systems (Tican, Atlas, and Deha) that have significant limitations in terms of
cost, operabilily, and responsiveness. Several cflorls have been made in recent years t()

(tevelop a new l:.I.\: syslem--Adwmce(l I.mmth System, National Launch Svstcm,

Spacclifter--hut all have been terminated. AI the sanle time, competition is growing for

lannch systems and services from fi)reign pr(wi(lers, inchl(ling Europe, Russia, China, and

Japan, which creates tinlher policy anti economic issues. Thus, there is a growing sense

within the (',ongress, key agencies and o['ficcs within the Execulivc Branch, and intlucntial

in(lusttw and puhlic interest circles thai whih' st)ace hmnch is a crilical issue lot the

America's [si(] furore in space,/here is m) (ohcrcnl national plan to guide our actions into
[hc nCXI C('llllll'_'....

[ 1] A. Tasking

Section 213 of the National l)eti'nse Altthorizatlon Acl fl>r Fiscal Year 1994 (Appen(lix

l) (tirecte(t lit(" Secretary of Defel/se (SE(3)EF) to (lcvch)p, in consuhati<)n with ll'le

Director, OMce of Science and Technoh)g), Policy (OSTP), a plan that "establishes and

clearly defines priorities, goals, and milestones regarding modernization of space lmmt:h
capabilities ti)r the Department of Deli:nse or, if approt)riate, ti)r the (;overnmenl as a

whole." It also directed that the plan Sl)ecit_,, whether Ihe SECDEF intends to allocate

fimds fi)r a new space launch vehi(le or olhe_ major space launch development initial|re

ill the next Future 3_ars Deli, nse Program (FYDP). For any new non-man-rated expend-

able or reusal)lr launch vehicle lechnoh_g), development or acquisition |dent|tied in tile

plan, tile Act (lirecled exploration of imlovativc governlnent-in(luslry funding, manage-
merit, and acqtfisilion slrategies to minimize cost and acquisition time. Additionally, the

congressional direction specilied thai lhc Plan provide a means of reducing the c()sl of

producing existing launch vehicles. Finall). tile Acl direcled a separate report to provide

a comparison helwcen U.S. and tiweign expt'n(lal/lc lattrwh systems. This scl),nalr report

is It) lit. t)rel)are(t in c()nsnhation wilh file Adminislrat()r ot NASA and, as apl)roprialc, lht"

heads ()f olhrr [i'(teral agencies an(t experts flom in(htslry aim academia. Thal r('l)Orl will
lie provide(l SCl)aralcly and is nol ad(hessed by Otis action.

Within the Department i)f Defense (DOI)), the task was assigned It() lilt"
Undersecretary of I)cti_nse fi)r Acquisition anti Techn(_h)g,n:; USD(A&T), who in turn

approved Ihc Terms of Reti_rence (TOR) toe the Space l_aunch Modernization Plan

(SI.MpI"lh(' Phm") on 23 l)ecemlier 1993 (AppclMix 2). The TOR eslalilished an inter-

agency Slu(ly (;roul) (Appendix 3) to prepare the plan and a Steering (,r()ttt) (Apl)endix
4) to ovcrse(t anti guide lhe cfforl. In developing the Plan, lhc TOR la.sked lilt" Sltl(lv

(;rottp to r×aminc spa(c latmch syslcms rcquir('menls, l)aSl slu(lics, re(hwing i)ro(hlcliol/

and Ol)erati()tls c()sls tor (tlrrelll systems, st)ace latmch lechnology develo|imenl cfli)rls

being condtlctcd in (;overnnltull, and innovative tim(ting and management.

In addition, the TOR directed the Sltt(ly (;r()up to compare U.S.a.nd |oreign spa(e

hum(h systems in terms of design, manutacturing, i)rocessing, management, and infia-

strucltur(! Io assess their efli:ct on (:()st, reliability, and operational eIti'ctiveness. The TOR

directed the Plan tie suhmitted to USI)(A&T) within 91) days and the t:omparison with for-
eign systelnS be ctmq)lrted hy 1 October 1994.

[2 ] B. Approach

USI)(A&T) appointed 1Aeutenant General Th(/mas S. Moorman,Jr., \:'ice Commander

of Air Force Sliace (;ommantl, It) lead lhe slutlv. Bolh the SInflv and Steering (;rou[)s had
broad representali<)n from lhe Nali<)nal Acr()llattli(s an(t Sl/a(_( , A(hninistralion (NASA),

the Departments of (;ommcr(e anti Transp()rlatit)n, Ihe mililala: (tcparlmenls, lilt" .loinl

Staff, U.S. Space (;(mmland, l)eti, nse agencies, and the ()ftice of'the Secretal)' Of l)cti'nse
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(OSI)). Tile Study (;roup worked continuously during dm sludy period, while the Steering

Group met periodically to review and guide the ellort+ The guiding princil)le throttghollt

the study was to develop consensus among all sectors--defense, intelligence, civil, and com-

mercial--_m space launch ,Feeds, solutions, and priorities.
The Study Group established a goal to develop a plan to improve the Nation's space

mission accm'nplishment through an integrated, efficient, and balanced space launch

capability. The study goal was supported bv the tbllowing objectives:

• Establish a comprehensive and accessible database of program, technology, policy,

and budgetat T information

• Understand and synthesize requirements

• Identit} deliciencies in current and planned capabilities

• Examine #pliott,_ to C(H'FCCl those deficiencies

• Formulate ahcrnative pt'ogl"am roadmap_ and slralegries "

• Develop findings and _ecommendalions.

The Study Group was organized into live panels: environlnent, requirements, techni-

cal, operatiol]s, and business/management (Appendix 5). The Study Group received

more than 130 presentations fi-om Government agencies, indust W, laboratories, and think
tanks, it conducted interviews and roundtable discussions with congressional members

and staff, industry executiw's, and current and past national space leaders. The Study

(;coup developed'a detailed understanding of tire Nation's launch capabilities and needs
and identitied "|acts of life" that impact future choices. The group then developed four

options with associated alternative roadmaps and assessed each one in terms of require-
lnelltS satisf]:tction, cost, and risk. Details on the analysis and findings of each panel and

the options and roadmaps are contained in Annexes A through E; classified launch

requirements t'ov the inlelligence sector are documented in a compartmented report

(Annex F).

[31 C. Background

The environment within which the national spacelift mission is conducted involves a

complex web of actors, ot)jectives, responsil)ilities, and influences. National security, eco-
nomic interest, commercial competitiveness, technology excellence, and international

relations all drive as well as limit our space lannch needs and options. To understand this
ellvilonlnenl, a bload lev]t'w ()J ctnTellt Cil-ctnnstallces an(l t()lces is essential.

1. Policy

Past national space policies have emphasized the need tot assured access to space.

The current national policy context is doininated by' the theme of improving the Nation's

economy by investing in U.s. industrial competitiveness as well as by encouraging tech-

nolob, _, transt_'r from defense to U.S. commercial indust W. As this study neared comple-

tion, OSTP was in the process of developing the Administration's space launch policy

embodying this theme. While past and evolving national policy has included specific
directi(;n on modernizing the Nation's space launch capability, little progress has been

lnade (lue ill large part to widely differing views and interests in this area and the inabili-

Ix' to maintain consensus within the Executive Branch. To tackle this t)roblem, the
Administration's new draft space launch policy addresses DOD and NASA roles and pro-

vides guidance for implementation.
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2. Prior Studies

"file Space l,aunch Modernization Plan drew cxlensively from prior launch studies.

I lighlighls and key items fron) f()ur prior launch studies are included l%r background.

a. Report of the Advisory Committee on the Future of the U.S. Space Pro mram (the.
Augustine Report). Rcquested by NASA and c<>mpleted ill December 1990, Ibis study

advised the NASA Administrator ('nr the overall approaches NASA management could use
to implement a balanced U.S. space program in tire Ji.£tltre. The connnittee stated a num-

ber of general concerns affecting America's space prt)gratn, including

• l,ack Of conselrSllS

• Over commitment of tinancial anti personnel lesolll(es

* Program turbulence because of unforeseen technical problems or tmrealistic pro-
gram goals

• Institutional aging and large bureaucracies

* Need to maintain a technically qualified work force

• Declining technolog T base whose scarce resources are oflell threatened bv mis-
si()n needs

* I,imited resilience of tile Space Shuule.

[,4] Not surprisingly, tl_e SLMP identifies some of the same issues today ill relation to the

U.S. space lamwh situation. The Augustine (3ommittee recognized th;_t access to space is

"tile most fimdamental I)uilding block wilhout which there can be no filmre space pro-

gram" and recommended reducing dependence (rn the Space Shuttle, developing a new,

unmanned (but potentially man-rateable [sit:]) launch vehicle, and maintaining an

advanced launch system technolo_, program to enhance current and evolving capabilities
and provide a basis tbr new and revolutional T launch systems.

b. The Future of the U.S. Space Launch Capabillty (the Aldridge Study). Chartered
t)y the National Space Council and completed in November 1992, this study examined the

Nation's spacelift needs and recommended proceeding immedialely into the devehrp-
ment of a new expendable launch system called Spacelifler--a medium lift vehicle in the

20,000 pounds lO low-earth-orbit ("lass with modular growth up to 50,000 pounds to

accommodate hea D, lift requirements. The report noted that technolog, T efforts such as

the National Aero-Space Plane (NASP) and the Single Stage Rocket Techn(dob, _, (SSRT)

l)rograms were essential to future generations of flfllv reusat)h_ space launch svstelrls. The

report recognized the high c()sls of the Space Shuttle and suggested that an eventual solu-

lion to ils high cost must be found. Finally, the report recommended that a new manage-
ment snucture, it) include a latmch "czar," be created I() provide more cenlralized

planning, integration, and coordination fbr implementing the Nation's lattnch slraleg T.

c. NASA Access to Space Study, Completed in 1i)93 in resl)onse lo lasking in the FS:'

93 Approprialions (]on|ererlce Clrmnlittee language, NASA's Acce_,_ to Space Study exam-

ined the Nation's space launch needs. 'Fire agency studied three el)lions: Option 1 main-

rained the Shuttle and current EI_V fleet until 2030; Option 2 examined a new expendable

latmch system using s/ate-of-the-art technolo_, with a transition date of 2005; Option 3
developed a new advanced techn(Jlog% next-generation reusal)le launch system with a

technolog_,_ demonstration program and an operatir)nal transition date of 2()(i8. NASA rec-
ommended adoplion of Option 3.

d. DOD Bottom-Up Review. The DOD Br_ttoin-Up Review (BUR), completed in

1993, included a review of DOD's space latmch program--taking imo consideration
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cmnmercial concerns, the needs of the civil space sector, and impacts on the U.S. indus-

trial base. The BUR examined three ahernatives: Ahernativc 1, a litk' extension of the cur-

rent expendable DOD fleet; Alternative 2, the development of a new launch system; and
Ahernative 3, the development ofa "h'apfrog" technologT launch system. Ahernative 3 was

eventually eliminated as a viable ahernative, but a rcusable single-stage-to-orbit (SSTO)

rocket w_s inchlded in Alternative 2. The BUR acknowledged that spacelift modernization

was a desirat)le national goal but concluded that DOD's requirements were being met with

ttle current fleet of expendable boosters. S(>, Alternative I was selected as the most cost-

effective option in the near term and as such provided the basis for the DOD space launch

program in the FY 95 President's Budget.

15 ] 3. Management

Four m_'_ior sectors coexist in tim national space community: defense, intelligence,
civil, an<l commercial. Each sector has distinct space missions and to a signilicant degree

has dcvchq)ed unique cultures and praclices. Howevm; tile requirement for space launcll
is COllllllOll 10 all sectors. Thc first step in clew'loping a modernization plan Im- space

launch is to understand the needs and perspectives of the principal customers and sup-

pliers of spacelift SVSIUIIIS al|d smwices.

a. Defense Sector. The detcmse sector's principal objective is to have efficient and

cost-elfiwtive space launch capabilities to carry out its warning, surveillance, communica-

lion, weather, and navigation missions fronl sl_ace. The evolving National MilitatT Strategy'

places increased reliance on smaller, more mobile military tbrccs to respond to crises and
contlicts around the world. This rt quires highly capable space torce and space launch capa-

bilities with the operability, dependability, and responsiw+ness to meet operational needs.

Becat,sc of the itwrcasingcosts of launch, the defense sector has genera_lly been pursuing

lighter satcllitcs tt_ mcct [uturc needs, resuhing ill a focus on medium lift capabilities.

b. Intelligence Sector. The intelligence sector provides critical information to nation-

al and milital T decision makers. Their payloads are generally large and expensive, so reli-

,ible, hea_w lift capability is a top concern. The intelligence sector is also concerned about

transition "to any new launch vehicle because of experience with transitions from expend-

able launcllers to the Space Shuttle an(I back to expendables atler the Clmllenger accidcnt.

These changes required costly satellite modifications and caused hmg launch delays.

c. Civil Sector. t hmlall spaceflight and the need to rcducc tile costs of Space Slntttie

operations dominate NASA+s needs. Accordingly, NASA's most important requirement is
a more cost-effective reusable space launch system. For the near term, NASA plans to mcel

its Space Station assemhly and resupply requircnlents with tile Space Shuttle and Russian
l'rotml and Sovuz boosters. For its scientitic, colllmltllicalions relay, and earth observation

missions, NASA will rely on a limited number of nlcdium lil1 expcndal)lc boosters.

d. Commercial Sector. Today's colmnercial space lalmch requirements are domi-

Ilatt'd by geosynchronotls commu'nicalions satellites. Both commercial satellite builders
and launch service providers want low launch service prices and (tependal_lc launch

schedulcs, creating a natural svnerb, _" between the needs of file del}?nse and the commer-

cial sectors. Although commetcial competitiveness characterizes the dialogue in this sec-

tor, Ihe (;o_,ern lllellt is the." pl-cdOlllillal/t pllrcbaser of Iautwh plo(hlcts aZl.lld seI-vices, and

today there are limited opportunities to significantly expand the space launch market.

e. New Management Models. Many di|terent management schemes have been

161 proposed to deal with the new, illOre stringent environment. One of particular inter-
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est is a prolJosal t¢} establish a quasi-public launch corporation similar to (:()MSAT. This

corporation would t)e chartered by Congress to develop, operate, and sell spaeelifl ser-
vices to U.S. public and private customers. Such ;t corporation would provide a national

entity lhat operates on business principles and practices to provide space tfansporlation.

As a quasi-pul/lic entity the corporal|oil would deal directly with spacelift ttsers such as
NASA, the Air Force, N()AA, and commercial customers. +fllt+ I;.S. (;overmnent would

invest in lhe covporatioll--abotlt $3.5 billion over the tirst 5 to 7 years of lhe corporation's

existence--and would include a contintdng anchor lenancv agn.+ement. While many ques-
tions remain concerning iml)h'nwnlaiion, the ftul¢lamenlal concept apt)ears to address

many nmnagemetll problems that the (;o,,'ernmenl has tottnd inlrachd)le. On the other
hand, discussions wilh a variety of industry leaders as well as those familiar with COMSAT-

like activities led the Study (;z+oup to tornhide that absent a m;ljor breakthrough in the

commercialization of space, this very innovative apl_roach in not required at this time, but
should continue Io ])e examined.

4. Economics

a. Space Economics. Roughly 6 percent of the I)OD buclget in spent on space, of
which abOtlt 20 |)ercent <3|lilts |trading in spent on space latmch--a figure roughly on the

order of $_.5 billion in loda)"s dollars. In Colltl'aSl, space aclivilies make up about 93 per-

cent of NASA's budget, with aeronautical activities accottniing fi)tthe remaitfing 7 per-
cetlt. [,aunch costs account f_}r about 31 peFcenl of NASA's l)tidget--abotH $A.!_ billion in
today's dollars.

b. Hardware Costs. Wilhin deR'nse, hardware costs in llle nwdium (Deha il and

Atlas lI) and hea_ T (Titan IV) lift categories are increasing. Atlas costs have risen nearly

50 percent an new capabilities have been added; these are expected Io increase again

when new conlracl.s are awarded in the late l.qg0s. Titan costs have l)ecn driven tq/ahnost

60 percent--al)proaching S325 |hill|on ttw a Titan IV (;entatm Inefficient product|tin

rates primarily accou 11 fi)r the increase in Titan IV costs--Titan production was original-

ly sized Io slq)port a produclion rate of It} per year versus today's rate of 3 per year.

c. Failure Costs. i,atmch accidents are costly. The e()sl <)("expendable launch vehi-

ch's tilihtres averages roughly $300 million per )'e'a; and in growing. Faihtre to achieve pre-

dicted relial)ilitv and lhe high costs of boosters and sawlliles are the principal
contribttlofs. ,\cilieving predicted reliability rates cotthl redtue the cost of failure by half,
bttt low launch rates make meeting these perf_izman(c goals diftictdt.

d. "Niche Markets." While the overall DOD laltnch demand in decreasing, the divi-
sion of t!.S. latmch capability into "niches" with limited ranges of |)ert+<)rmance--small

lalmchets, Tilan II, Deha II, Atlas ll, Titan IV and Shtmle--ftu'ther c<_ntril/utes lo the low

lalmch rales. As clef)toted in Figme 1 below, no single heaxy or medium launcher in pro-
,jected to have a i)rodlwlion or launch fate of more than nine per )ear.

[ 7j [original placement of Figure l ]

e. Competitiveness. The commercial COml)elitivenes s of Ihe U.S. fleet has eroded

over time. Figure 2 below shows cost per pound of payload to geo-transler orbit for all

launch vehicles. The chart suggests thai U.S. systcnts, in particular Alias, are generally
price coinpetilive wilh AFianc [V loday, l|owever, there is S()lile evidence, anecdotal in

lialtlle, wilicli _;ll__l,sls liml subsidizalion Ilia)' per|nit eompeliiors to price sollii-whal lower

Ihall lhe clirve showli in Pig|ire 7. Besides pi'icilig, ii in ch, al _ I]i_ll othl!i faclors aie al play
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Figure 1: Launch Vehicle "Niche Markets"
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such as international politics, perceptions about U.S. launch systems reliability and sched-

(tit: del)endability, and marketing techniques that also contribute to the loss of U.S. lllat--
ket shave. There was general consensus and concern that the L!.S. will be even less price

comt)etitive with the advent of the new Ariane 5 system and the increasing use of the non-
market economy launchcrs--China's Long March and Russia's Proton and Zenit. A rela-

tively new commercial sector--the small communications satellite market--has the

potential to drastically change the space launch landscape of all flmr sectors, but the actu-
al size and viability of this new element of the commercial sector are still uncertain. A

recent Departme(It of Transportation, Office of Commercial Space Transportation

(()(;ST) study estimated the size of this market for 1994-2005 _.tl I)ctween .t attd 10 mcdi-
tim launches'for constellation deployment and between 8 to 12 small launches tot con-

stellation sttslailllllell[, noting |hal this estimate is highly tHtctqlaill.

[8] l,)riginal placelneH! of Figure 2]

f. Launch Business, The medium/heaw launch market will continue to be domi-

nated bv (;overnment launches fiw the foreseeable thture, lmmch demand has declined

as a r(_suh of defense reductions, significantly increasing per tlight costs. Future

(;C,VcI'nlIIUIII miss|o,| requirements will not likely increase, and the commercial launch

market provides little potential for signiticant growth or economies. From these trends,

the Study (;roup concluded the United States has too ntany space launch providers with

too much pro(luctiott capacity.
All launch pt-ovidcrs atre wary (>f committing any large corl)orate resources to ntod-

ernize their pl+oducl lines and will remain cautious. l'hese co|hi)antes view the risks as

high attd the I+eIIIFll oil investment as low and unceltailt. There are indications some pri-
vale funding could be made available, given certain guarantees, itlvestnmnt underwriting,

and/or anchor letlallcg; optimistically, the total would probably be less than $1 billion.

This amount would represent a significant downpayment but would not t)e sutticienl to

tund a major modernization elloft.
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Figure 2. Cost Per Pound
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5. International Factors

Foreign space launch (:ompetition has grown and has become more etfecfive. The

European Space Agency (ESA) will remain the principal competitor well into the fimH'e.

Bilateral agreements limit the purchase of Russian medium/heaw launch services until

2(}()0, while mtde with China is limited until 1994 (with a renewal'under consideration).

Beyond 2000, the Russians and Chinese can l)e expected to be more competitive.Japan is
entering the market with the H-2 booster, but its price and launch [9] base limitations will
constrain its market share.

In addition to the competitive landscape described above, the worldwide commercial

launch market is influenced by other t_.clors, such as econ()mics and politics. For exam-

ple, INTELSNF, an international consortium with close to 130 member nati()ns, bases

launcher selection primarily on cost but also considers the need to maintain competition
among launch providers and the political interests ()f consortium members. Given the

enviromnent, analysis estimates that <)nlv. 12 to 15 satellites per year are actua lv, open for

bid t)y all launch sevvice providers. (]()nsequenllv, it is I)elieved l|ial relatively little that can

be d<)ne in the near term to recapture a significant portit)n of the market. Hence, the U.S.

market share, roughly 30 percent since I G)90, will not change significanth, absent a mod-
ernization initiative.

"While lhe competition for launch services is increasing, there are opportunities for

increased cooperation in sl)acelifl. For example, U.S. and Russian cooperation in space

endeavors is grdwing. Changes in fi)reign policy have encouraged and resuhed in signifi-

(ant U.S.-Russian cooperation tmderscorcd b); tl_e Space Station agreelllellt an(t trade

with Russia in space-related l)roducts and technologD,. Russia possesses highly eflk'cfive

space latmch systems and technologies that may provide auraclive ahernafives'to domes-

tic systems or tt'clmol()gies, floweret, the Unite(I Slates tllUSt :list) l)e cautious of creating
unacceptable dependencies.
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6. Technology

The Nation's space launch technology' iuvcstment--l)efense, NASA, and industx T-

has dropped dramatically in the last 2 years from $570 million in FY 92 to $_51 million in
FY 94, a decrease of nearly 40 percent. The funding <hop is due primarily to major pro-

gram cancellations including the National Launch System and tile Space Nuclear

Thermal Propulsion programs, which exposes a weakness in our techuologT strategy.

Depeudencv on major programs for the technologT base provides robust funding while

the progral{I is healthy, hut the efforts are eliminated as programs are canceled.
lxaving out iu(tusll_' investment, the combined DOD/NASA space lanuch tectmolo-

g_, total for FY 94 is $312 million, with much of the titnding earmarked for specific devel-

opments. Only 14 percent of the total, or $45 million, supports DOD core technology
ettorts. Without a change in priority, funding will decline in FY 95, leaving a total ot' about

$31 million. These timding levels are insufficient to accomplish a meaningful core space

launch technnlo_' program.

7. Operations

a. Launch Delays. +-Ysa resuh of system design choices made years ago and the In-t-

reaty of performance requirements, U.S. launch systems do not have the desired oper-

ability characteristics. Delays adversely impact cost, DOlt tnission performance, and

throughput for defense and connnercial customers. Delta is the most operable U.S.

[10] expeudat)le launch system today with average delays of 22 days. For Atlas, recent
statistics show an 88-dav average delay. Titan must be considered a system still in develop-

meut with long on-pad" processing times--the average Titan delay is 223 days. Hardware

tends to dominate delay statistics, but evidence indicates a significant percentage of the

delays are traceable to fanhy instrumentation.

b. Manpower. U.S. launch system manutacturing and operalions are manpower
intensive. Current system designs tiuMamentally limit processing and operability improve-

ments. U.S. manufacturing processes extend ti'om the plant to the launch pad in increas-

ing degrees from 1)eha to Titan IV. In contrast, Arianespace, with Ariane 4, has segregated
manufacturing from operations. However, when assessed on an equivalent basis by labor

categmy, the launch processing teams tot Atlas and Delta are not disproportionately large
and compare taw)rably with Ariane. In the case of Titan IV, the launch team is sized for

substantially greater launch activity than is now planned. Misperceptions arise because
U.S. launch bases are often compared with foreign launch complexes. A snbstantial amount

of the activity at the U.S. ranges is not space launch related.

c. Capability. The current U.S. spaeeli[i systems all meet their capability require-
ments, but often at tile price of reduced operatitlg and pertormance margins. Growth in

payload mass typically necessitates expensive increases in space lat|uch vehicle perfor-
mance. An increase in launch rate would force expensive changes in the ground infra-

structure, including launch pads, ranges, and supporting facilities. Without extensive

redesign and requalitication, virtually no room exists for thture payload weight growth in

the current tleet+

d. Reliability. Space launch vehicle reliability is inherently dependent on a nnmber

of tactors including complexiW, flight rate, and design stability. The Delta ii has quite high
reliabililv rates, while systems that include more stages, hardware, and flight events, such

as Atlas _md Titan IX", are not as reliable. Likewise, flight rate directly impacts reliability.

Svslenls with high flight rates, such as Delta II, have had more oplmrtunity to identit} +and
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correct problenls than those with low flight rates, such as Titan I\.: Flight rates are tied

directly to production rates and tile production learning curve and quality. Deha, in con-

trast to Titan I\', enjoys higher production rates, which help to increase s)isteln reliability.

e. Responsiveness. None of lhe (tlrrellt launch svstelllS were huih Io be responsive,

either in die vehicles or ill their associated slipper! lalinch colnplex. Snlall launch vehi-

cles fare best by tile very nat(ire o|' their size. As system size and complexity increase, sys-

tem responsiveness decreases. One measure is tile flight rate for each s_'stein. (in tim

Eastern Range, Deha I1 can launch ii l) lo 12 missions per veal; if needed. Atlas is liniiled

to eight per year. (in the low end, Titan IV can [atlllfh t_)lli nlissions per year. Shuttle can

launch tip to eight missions per yeal, but ill high ('{)st and labor in!ells|re operations. Of

tile currenl lnediunl and hea_ T fleet, tile only syslenl wifll a uue launch-on-need (I,()N)
capability is Deha Ii.

[ 1 I ] D. Requirements

There are widely divergen! views within the space connnunitv on how to detine and

cilaraclerize s|/aceliti requirenients. Tradhionall,_, definition has focused on lllission niod-

els alid tlilidailienlal per|7_lnialile paralnelers. Early Oil, the SitlltV (;roiip conchlded lhal

a lleW inelhod was needed to investigate reqllilelllents. Spacelit) sySlelll reqllirelllellls were

analyzed using a .Quality Punc[ioll Oeploynlenl (QFD) process to detille, develop, and rank

systenl reqtiirelllenls. Tills methodolog,y alhlwed participants of all fi)lil space sectors to
develop a preliinhlalT¢ sei of requirenienls lhal represenl Ille "wants" of all the seelors.

Five top-level reqliirenlenls were developed--capabilit)4 operal/ilily, ecollomics, inis-
sioll success, and responsiveness:

• Capability describes the syslem's abiliiv !o provide accllrate, siil]]cienl, i)re-

die|able, alid repeatable [)erforiiiaiice ill opera|ion, li covers access Io nnihiplc

orb|Is, crew Iransiorl (etlrlellliy a lliliqtle NASA reqtlireillenl), launch rale,

latlllCh systelll l)erlOl-lllall(-/,, all(| tlayload aCCOlDlllodatioll.

• Operat)ililv describes the spacelift sysleln's ability to accOlilpiish ilic spaceliti mis-

sion ill a timely manlier and !o support customc'r needs. It includes supportabili-

ty, niaintainahilit B operable processes and designs, availability, and schedule
del:,cndability.

• Economics deseril/es wheiher the s'_steln is elficienl to develop, operate and sup-

port. h addresses the entire spectrmn of cosl-e[lbcliveness and competitiveliess.

• Missioi) success descrihes the system's ability to sat|st}, spacelili requirements with

a very low incidence of faihlre. It is characterized hv system reliabilily, crew su,--

viral icurrently a unique NASA requirement), pavhlad .'survival and ettectiveness.

• Responsiveness descrihes the ability of the system to quickly and dependably

respond to changing requirenients. Responsiveness inchides resiliency, ability to
latlnch Oil need, and flexibility.

[ 12] E. Current System Capabilities

Cilrrenl U.S. spacelifi systenis share sonic comniOll characteristics. |'lie expendable

systelliS are all derived, to one degree or ailolher, from ballistic missile svstelllS. All launch

S'ystelllS operate at or veiw ileal their maxilllillli perlorlllanc( _ capabilily. In lllanv cases,

niodilicalions have b('en lllade to extend perlorlllallle cal)ahilities thai con|promise l]ighl

margins, operatfiliiy and supportability. Figure 3 sununarizes !tie ctlrlelll spacelifi svsienls
111 lerlllS {it Ill(' itb{)ve I-eqllirelllelils.
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Figure 3: Characteristics of Current U.S. Space Launch Systems
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[ 13 ] E Centers of Gravity

Of the lnanv metrics that could be ttsed to measure itlipi+tivt+niciil in space launch, Ihe

_lu(t'¢ (,riitlp identitied tivc kev leverage atca+ <)r "(t!lilei-+ (if gravity." Centers of gravily

(h,scribe points or elt!ltlellls which whell pttshed till prtivi(tc the highest ]ev('rage in achier-

big desired goals. These celilers t:aii be mtittlallv indel)en(lenl el + highly inlt'rdel)elldeni

and can chaligC in value <lver little. The cenlers'tif gravhy t()i spacelifi all(I Ilie rc.stihs t)|

iiltproveltlt'nls hi cach (t.l/lel- al+e ds follows:

• Production and launch rate and LWabilil_,_Re(lu(:e lhe high c(Isls of laun(-tl; IIKiilllaill

prodttclion, processing, and operations ctmtinuily; and improve the ability Io
meet reliability glials.

• #Ttiabilio+Contr{)l the high costs of faihire and lttereby iniprove the availaliility

of resotirtes for investltieill.

a TechnohjD,.l+ availahilil+,_--Provide a l()llndalion for force tttodertlizaliOlt at leitS()ll-

al)lc cost, s(he(hllc, and technical risk.
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" .Symce launch maria!cement--Achier e and maintain (onst'nsus, move fiom availabh+

technologies to fielded capability, and revers(, technological and industrial dvifl
and atrophy.

• l:unding commitmeul--Mow, beyond the ,ttlStel+c upgrades to cturen/ syslems that

limit the U.S. at)ility to perlbrln ils mission and compete efl_'ctively in the inter-
national marketplace.

The rccommcndalitms of tit<" S|ttd;' have I)<'en assessed ttsing these ¢enlers of gravilv to
ensure that they work these high-lt',:eragc areas.

[141 G. Options

The Study Group developed t0uic opti<ms for modernizing U.S. spare Im,nch
capabilities:

• Option 1: Sustain existing launch systems

* Option 2: Evolve cultent expendat)le latm<:h syst<.qn
• Option 3: Develop a new cxpcndal)h, launt'h system

• Option 4: l)eveh)p a new t+eusal)lc launch Sy:',;tt_lll

Colh'ctivcl), Ihey represent progra.m "t)uilding bh)cks" t+rorn which separate roadtnaps

were deveh)ped. The options generally corrclittc with those in the DOI) Bottom-Up lla,vietv

and NASA's Acr'e_ Io Space A'lud_'. The individual Ol)lions (h'scvil)e a range of approaches
and costs, not point designs. Tl_ey wcvc based Ul)On compilations of contt+actor or svslem

program office estimates t)ltls a matmgcment factor itpplied t)y the Study (;roup. (:osls arc

l)rt!senled to provide re[alivc comparisons bel,,v(+cm options. In addition'to developing the

])iogritm options, the SILl(Iv (;l'(Itlp di'fiiled an enllanced cove I('chn(>h>g_+ pr<)gratn and
examined conlintted space latmch infrastructure stlstainnlcul and moth'rnizalion.

1. Core Technology

A key clement of any i)vogt+a/n tor space launch m(>dcrnizati<m is the "tore" space
launch technoh>gy investment. Currenth, DOD core space laullch technolog: 5, is funded at

rottghly S45 milli<m per year. A timt.-1)hased in(:vease fi<)ul that hwel to $120 milli,m per

year would allow DOD to l)ursuc a coherent strategy lor space launch technoloD, devel-

ot)ment 1<)supl)orl a wi(lc rang(, ()1+[htu,e launch system and program options. This strat-
(,_._r should begin with an appt-Ol)riate distril)ution of the FY (.)4 Advanced Research

l'r<!jecls Age,wy (ARPA) funding consistent with (ongrt'ssional direction. Areas fi)r

increasc(I technoh)_, investnwt+t arc shown in Figu,c 4.

2. Sustainment

Spacelifl system sustainment covers the launch bases, space launch complexes (SI+Cs),

and the vang, t,s. The mai<)rily otsustainmimt is ftm(led by the Air Force through the Space
l+aunch hlfvastructure hlvcstmcnt l)lan (SI+IIP), an investment stratcg T thai incht{h.s I)olh

critical upgrades to SL(:s and the Range Standardization and Automation (RSA) pro-
gram. The Air Force's commitment to improving the infraslructure is commendable. SI+(;

sustainm(mt trader the SLIIP addresses crilical upgrades to lau,l('h pads and their associ-

ated complexes. When RSA is (:oml)leted in 2003, it will have brought the ranges' 1950s

equipment and melhodoh)gies tip to the state of the art. (;urrent range equipmen! aud
tacilities tnust be sustained until the l+)etmtits of RSA are thlly realized.
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Figure 4: DOD Core Space Launch Technology
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3. Transition Windows

Transition cosfs for new launch systems include those tor concurrent operation and

niahitenance o| old and new boostersl infrastructure, and personnel until all payloads are

being launched Oll the IleV¢ syMelll(S). ()lle way to minimize tiffs cost is it) ensule lle_ r launch
SvSIelIIS are available ill tinle Io illiltlellCC designs t_)r new satellites or pialilled satellile t)lock

c'hanges. Eath of tilt" options has been stNwlltred to Fnake lllaxillltllI1 use Ill" t)rogralil phas-

ilig such that ilew launch sysl_._ins are introduced in conveifienl transilion windows.

• Mediuni lift: 2003-2t)05

, Hea_, lift: 9005-2007, 2009, 2011-2013

• Space Shutilc: 2006-2(i10.

4. Option Descriptions

a. Option 1: Sustain Existing Launch Systems. Option 1 maintains the current fleet
of htunch svstems--l)elta, Alhts, Titan, and the Space Shuttle--for the foreseeable future.

Funding, based on the I:Y 95 President's Budget, includes only "austere" upgrades to
enable missions, improve reliability and safer_, or to address obsolescence.

NASA phuls to continue Space Shuttle opera|toils through the earl)' part of the next
decade and to continue to use existing ELVs for science missions. The NASA budget funds

a focused technolo_' program for reusable launch vehicles accomplished in [ 16] cooper-

at|on with plarined DOD technology investments. Tentative plans inchide conducting

tlight demonstrations prior to the turn of the cerituD'. Such demonstrations could support
( ,.

a Space Shuttle replacement decision in 1J99-2000 with credible cost and engineering
data. At thai point, NASA will either recommend a new start for a Space Shuttle replace-
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meritorwillprogramadditionalsafetyandreliabilityupgradestotheexisting Shuttle sys-
tem and procure an additional ort)ilen

The FY 95 President's Bu(tge! includes money t()f a competition for a nmdium class

launch vehicle (MI.V IV) in 1%796 to support operalional Air Force htunches. The Re(luesl

for Proposals (RFP) toe MI,V IV may contain provisions fi)r supporl tO new DOD on-orhit

capabilities: the AIARM early warning satellite an(t advanced EHF [ext,-emely high-fee-
quenc3',] satellites.

Market-driven industry downsizing may reduce ()l)eraling (()sis from current levels.

Under Option 1, per tliglH costs :ire anticipated to I)e as fi)llows. The range in costs are

due to (tifliwences in boosler type and c(mtigtmtti()n (w/ or w/o an upper stage).

• Medium lift: $50-$125 million l)er tlight

• Hea W lift: $250-$320 million per tlight

• Space Shuttle: $375 million per flight.

b. Option 2: Evolve Current Expendable Launch Systems, Kev features of Option 2

inclu(te tlying out current launch vehicles ahca(ty on conlract, evoh;ing a family of launch

vehicles from current systems by consolidating medium and hea_w lift booster f:{milies, and

fielding the evolve(I vehicles I() nice| payh)ad transition windows. This option would cosl

between $1.0 billion and $2.5 billion in (3 _ 94 dollars, but would signiticantly lower opera-

tions costs by increasing prodttction rates. Private financing may he available for this oplion

_,_4th suitable (;overnment guaranlees, such as anchor tenancy'or h)w-interest loans.

.&s in Option 1, NASA will continue Shuttle operations through [he earl3,, part of the
next decade, c<mtinue to use existing ELVs for science missions, and fund a reusable tech-
nolog, y 1)rogram with coordinate(l DOD investments.

Option 2's acquisition approach inchules a competilive i)r<)curement with the

Request for Proposals (P&'P) struclured to allow bid(tees to propose against various sets of

payh)a(l weight and orhit requirements, lannch rates, an(l operations concepts. Key RFP

elements shoul(I inchule tirm cost largels, pertbrmance-based (;ovcrnmen! specilications,

an(t SllOng incentive SllU(lllleS. Recurring costs for this option are estimated at

• Medium lift: $50-$80 million per tlight

• tlea_ T lift: $1t)(>$150 million per tlight

[I 7]• Space Shuttle: $375 million per tlight.

c. Option 3: Develop a New Expendable Launch System. Option 3 would correct

deti('iencies in current ext)en(lahle launchers t)3', (levcloping an entirely new launch vehi-

cle family with significantly improved reliability, operahility, and cost. This "clean sheet of

pat)er" al)t)roach for a new expentlal)le syslenl would use a m<)dular tamily conlp()sed of

a common core vehicle and/or common major sift)systems--strap-on stages, upper

stage(s), payload tairings, and processing and launch t_(cilitics. There art, two maj()r paths

a new expendable system developmenl could tollow: (a) replace only the current expend-

able systems, or (h) replace current EINs and the Space Shuttle. Replacing the Space

Shuttle would require signilicant a(lditional investment tor crew raling enhancements and

personnel an(I cargo transport systems (leveh)pment.

The nonrecurring development cost for the basic new expendable vehicle is estimal-

e(I to be in the $5 billion to $8 billion range. The crew-rated launcher and associated per-

sonnel/cargo w'hicles woul(I require an additional $5-$6 hilli(m to develop. The
r(wurring tlight cosls are estimated to he
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• Mediunl lift: $40-$75 million per flight

• HeaD' lift: $80-$140 lnillion per |light

• Personnel launch: $90-$190 million per tlight

• Cargo transport: $130-$230 million per flight.

d. Option 4: Develop a New Reusable Launch System. Option 4 would develop a

fully reusable space hlunch system with the olwctive of sl,hstantially reducing flight cosls

whi'le inlproving operability and respotlsiveness. Since a fully reusable system requires sig-

n|float1! advances in technology and substantial engineering development, this option is

based on a phased development.

The owwall approach for Option 4 is to nndertake a focused technology' development
and denlonstration effort, [olhlwed hy a decision as to whether to proceed with develop-

nlellt of a prototype svsteln and pl'I:,dtlClion of a tleet of operational vehicles. A parallel

technoh,g T developlnmlt and tlight (telnonstrator program would be conducted to define

tectmologT,' and engineering [easibility and risks before committing to full-scale systeln

developnwlm
Because of the wide range of technologies, designs, and operating concepts among

the various reusable concepts, the cost estimates for a new reusable launch system span a

broad range. The tectmolo_' development and demonstration would require $0.6 billion
to $0.{) billion. The cost for engilleering developmen! ranges from $6 billion to $90+ bil-

lion. This wide range captures the most innovative illdIIsII'V approaches on one end and

NASA's estimate fronl Option 3 of the Access to Space Sludy on the other end. The cost for

procuring a four-vehicle fleet ranges from $2.5 billion to $10.5 [18] billion spent begin-

ning in tile year 2004 and continuing through 2009. Ahhough the nonrecurring devel-

<_plnent alldprocurenlent invcsmlent is relatively high, the annual operational cost ol +the
|lee! is estimated to be in the $0.5 billion to $1.5 billion range, compared will) today's

annual Sl)ate Shut|h: and expendable launch costs of over $6 hill|on ....

[23 ] I. Findings and Recommendations

The study developed 1._, [indings and recomnlendations divided into to|n groups:

• Fundamental drivers o[ the space launch industry

• Critical drivers of cost, capahility, or operations

• Special fi_ctts areas

• (_tlrrelll[ operalions enhancenlcnt areas.

1. Fundamental Drivers of the Space Launch Industry

Finding #1: Excess production and processing capacity exist within the space launch industry.

The space launch indust_ r grew tip in times of increasing budgets, strong national

interest, increasing requiremenes, and a technolo_' hase that produced many satellites with
limited lifetimes. The resuh was a high launch rate and a robust space launcll industtT+

l'odav, we do nlore missions with fewer satellites, and tile on_)rbit lifetimes are vely long.

The net resuh is that the launch rate has decreased markedly, yet tile industry still has unli-

t|pie providers with several l_mlilies of launch vehich's and a capacity to produce inore than
is needed. Different eh'ments of the industry have developed niches of capahilily, each of

which ot)erates at low, il]eflicicnl rates, and llOllC ol which renlain cosl_ql_,'ctive.
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Recommendation #1: A major objective of future modernization efforts should be to reduce indus-

trial overhead through downsizing and reduction of niche markets.

Finding #2: Industry is unwilling to fund major space launch modernization alone, but pri-
vate "up front" investment may be available given United States Government guarantees.

Because of high costs and decreasing demand, the space launch industry has little

incentive to make the signilicant capital investrnenl necessalv Io modernize its product

lines. Several innovative funding concepts exist, some of which may require special legis-

lation, thal could enal)le the (;overnment t<+ become a pallllel + wiih industry to encour-

age mode,nization, such ;is otl:lmdget tinancing (e+g., loan guarantees, tax incentives,
government indemnification), and anchor tenancy (gttavanteed minimum launch rates

and prices). Such guarantees would also enc,_+tnage private investment to levels perhaps
as high as $1 billi<m.

Recommendation #2: DOD should pursue innovative incentives to encourage private and indus-
trial investment in space launch modernization.

I24] Finding #3: Driven by user (DOD and National) requirements and current booster
and spacecraft technology, heavy lift is required for the foreseeable future.

Any restructure of the space launch industry will require a solid understanding of the

range of lift capability required. The tntmtwr ot +launches of the Titan IV, today's [heavy-
lift vehich'], has decreased substantially. Theretore, it has I)cen suggested that the Nation

could move all satellites to either medium launch vehicles or to the Space Shuttle, elimi-

natitlg the need tor a heax_, lift vehich,. The Study Group examined in detail the user

requirements that drive hea D, lift and the lcclmolog_' potential for heavv satellite down-

sizing to MI+V class payloads. These heax3 lift requirements are princip_dly intelligence

related, inchMing but not linfited to military operational and science and technoh+g T

(S&T) intelligence requirements. Intelligence needs and technology' limit the potential to

downsize intelligence satellites+ and it is unlikely that any known technologies could
enable similar ,nissi<m success at MI+V weights an¢i sizes in tile near term.

Recommendation #3,4: In the near term, DOD must continue and improve heavy lift capability.

Recommendation #3B: hi the longer term, DOD should review and revalidate its intelligence

requirements (both operational and S(_¢'F) that drive hea D, lift. The NRO should continue to exam-

ine advanced spacecraft technologies that could provide major reductions in payload size and
weight.

Finding #4: Opportunities for payload-booster transition are currently not fully coordi-
nated to maximize the cost-benefit to the Government.

The introdt,ctiotl of new space launch capabilities must be timed properly to realize

cosl-effective transitions of spacecraft to the lleW capabilities. Redesigning satellites to tlv

on new boosters is extremely costly, delays the satellite program, and often does not

improve satellite capability. The movement of payloads onto and then off the Space
Shuttle is the case in poitH, where the pavhmd transition ¢osts were extraordinary. Based

upon current plans tot tiltttre new starts and/or block changes to satellite systems, win-
dows of opporttmity tbr transition of satellites to new launch vehicles otcur tbr hcavv lift

in the years 2005-2007, 2009 and 2011-2012; tor mcdittm lift in 2003-2005; and tot + the

Shuttle in 2006-2010. Atly m:tjor changes in the itMustt T structttr,p should be timed such
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thattile initial launch capability (1I,(;) of new spacelift systems occurs at tilt + satellites'

lrallsitioll points.

Recommendation #4: If a new or evolved space launch system is pursued, the lEe should be

planned to coincide with anticipated payload block changes and�or new starts.

[_5 ] 2. Critical Drivers of Cost, Capability, or Operations

Finding #5: Increased cost of failure demands [that] greater emphasis be placed [on]

improving reliability.

The cost of the vehicles (1)oosler aud spacecraft) destroyed in tile August 199__, Titan

IV faihtre exceeded $1 billion. Over the past 10 years, the average yearly cost of launch t_til-

ttrt's has exceeded $300 million and is rising. Such tailures directl), atnd substantially inlp;-tct

tin-orbit mission capability. Additionally, however, post-accident standdowns for let|lure res-

ohttion create lost opportunity coslus that are often hard to quanti[}'. Tile Nation's tleet of
launch vehicles is not as reliable as it should be. As the Nation moved onto the Shuttle, El N"

launch rates dropped, prodttctitm lines slowed, and engineering expertise eroded.
Another contribttting factor is tile lack of sufficient fault tree and t:ailure mode analysis,

process control, and instrumentation ill the launch system and infrmstrttcture.

Recommendation #5: Support and sustain funding for launch system and infrastructure reliability

improvements.

Finding #6: Operations costs per launch for Titan IV are significant and rising.

Ahhough there have been eight Titan IV launches to date, it has not vet reached its

full operational capability (FOC) and must be classified as in tile development phase.

Thus, operation of the system requires more tittle and people than for a mature wstem.

In 1989, operations cost per launch was $34 million (CY 94 $); by 1G)94 it increased to

$54 million; and by 199t,) it is prt!jected to be $72 million. ,+Ysthe launch bases conduct tur-
ther Titan IV launches and the system al)proaches FOG, the on-pad time should shrink,

and the nunlber of personnel, particularl)' those involved ill Titan [research, develop-

menl, lest, and evahtation], should diminish. If tile ntmlber of Titan IX.+"launches per year

renlains very small, it wottld be appr<>l+rialt' to consider closing (+t putting into at backttl-+

ntode one c>t tile East (;oast Titan IV launch pads.

Recommendation #6: Aggressively restructure and streamline Titan launch base operations to

reduce _+rrent and filture operations costs.

Finding #7: A cross-sector process to collect, coordinate, and consolidate space launch

requirements does not exist.

The most fundamental driver of space launch capat)ility is the set of Sl)ace launch

l-eqtlireltletlts, )'el there are widely differing views and detinitions of these throughout the

Ibm +space sectors. No lorutn or mechanism has beet+ availabh + to coordinate [26] inter-
sector launch requirements, which has hampered the Execulive Branch+s ability to arlictt-

late needs and sttstain support for spacelift modernization. A cross-sector l+rocess that

balances performance, sustainability, reliability, and cost-eftectiveness, such as Ill,+.!Quality

Function Deployment used in this study, would greatly facilitate it natitmal consensus on

where this COUlltry should go in space launch. The resuhs of the QFD process performed

dr,ring tile Study torm the basis tbr Follow-on work in this area.
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Recommendation #7: Institutionalize a process to gain and sustain community agreement on
requirements and associated metrics.

Finding #8: The DOD core space launch technology program is significantly underfund-

ed and externally constrained, which has hindered opportunities for space launch
modernization.

Future capal)ility del)ends <m the availability of lechnoloRT, but s[)ace launch tech-

noh)g 3, has suffered in terms oi qttality attl(l quantit) such lhat current modernization

options are linlited. Much of the technology work has been accomplished in major pro-

grains (AI+S, NI+S) that no hmger exist. Othcr work is specilically directed such that it can-

not be refocused on the most pressing technology' issues. ()xelall space launch technology

funding has decreased, and Ill(+ alllOtlllt awtilal)le tov core technoh)g_,, such as engines and

structures+ is a small fraclion o[' the total. While tile etnl)hasis in launch technolog3/has tra-

ditionally been ,.m pertormance, ill Ihe future, gleater [(:,cus oll technolog,_, It) decrease
cost is needed. Core technology+ needs to be increased ill the near term; F_' ¢..)4ARPA fund-

ing should t)e used to enhance lilt + core D()I) launch teclmol<)t.,_, program, consistent with

congressional guidance. This includes comph+tion of tilt" l)elta (]lil)pel_Experimental

(I)C-X), investigation of Russian engine techn<_log T` and initial wcuk on reusable launch

system "long polC' lechnoh)gm, and (lem<mstrations, and low cost expendable boosters.

Recommendation #8: Increase fimding for a core space launch technolo_ program as an enabler
for fidure investment.

Finding #9: Air Force launch base operations are constrained by antiquated and unsup-
portable ground systems and facilities.

A critical linlit ill launch Ol)erations is Ihe ground equipnwnt at tilt + launch bases, par-

ticulavly at tile Eastern and Western Ranges, mtu'h of which is anli(lualed and unsupport-

able. Sollle lallge systenls average three tailures per lnissi<m. On 16 Delta missions

between February 1999 and Se[)tenlt_er 1993, Eastern Range cquilmlent problenls caused

22 delays. In light of those deticiencies. Ihe Air Force has institttted and t+tmded the Range

Standardization and Aulonmtion (RSA) and launch base inlrastructure inlprovenlent pro-

grams+ The RSA program has t)cen a \cry successful program to date; it requires conlin-
fled advocacy and support.

[27] Recommendation #9: Continue funding RSA and launch base infrastructure
improvements.

3. Special Focus Areas

Finding #10: A detailed understanding of Russian engine technology can potentially lead
to reduced cost for modernization.

The end of the (;old War and tile denlise of the Soviet Union create some significant

<)pportunities t()t- cooperation oil s[)a(e launch. Specilically, Russian rocket engines

(lenmnstrate high pertbrnlance, rol)llsl margins, and proven l+uggedness. Cooperati<m
with Russia has foreign policy benetits; howew, r, at the same lillle, reliance on Russian

engine technology+ has potenlial national security implications tiom a dependency point

of view. The pvinte Russian candidate fi>r cooperation in this area is the RD-170 engine,

which lilt" Air Fotce, in coolleralion '+vith NASA and industry, should procure and it:st.

RI)-I7<) testing "+,,'illgive the U.S. (;(>vernment and votket engine in(htstly significant
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insight into ahernative design approaches and technical solutions that have apparently

enhanced Russian rocket engine peril)finance and durability. Similarly, NASA, with DOD

and indust W participation, may choose to investigate the use of Russian engine technolo-

gy applicahle 1o timue reusable vehicles.

Recommendation #10: DOD should lead and fund a cooperative effort, with NASA and industry,

to investigate the use of Russian engines and engine technology in future ELVs.

Finding #11: There exists general consensus on the potential benefits of a new reusable
system; however, there are widely divergent views on timing, approach, cost, and risk.

A titllv reusahlc launch system is an intriguing concept to all the space sectors and

indusll T alikc. It offers the potential benefits of responsiveness, reliabili W, operability, and
very low cosl per tlight, which are universally agreed to be desirahle. Howevm; the feasi-

bility of achieving those benefits is uncerlain. Based on its needs to continue human

spacetlight and provide options to replace the Shttltle, NASA should I)e assigned the lead
for rcusables with DOD maintaining a cooperative reusable program. On the other hand,

DOD shottld lead in the ELV arena. Each agency should manage and fund efforls within

their respective areas of responsibility. To prove the concept, sustain supt)ort, and enahle

lower risk entry into system development, the reusahle techtlolog T program should

i,lclude flight demonstrations.

Recommendation #11: Pursue a cooperative NASA/DOD technology maturation effort that

includes experimental flight demonstrations.

[28] Finding #12: DOD and NASA space launch program coordination needs to be

improved.

While the civil and deti+'nse space programs are clearly separatc and distinct, space

latmch is an area of common inlerest and intcrdependence that needs intcragency co<w-

(linati(m. In particular, otganizational roles in launch vehicle technology' need to he
defined and coordinated to avoid confusion and overlap. The Aeronautics and

,_cstronautics Coordination Board (AACB) has heen used in the past tor high-level

DOD/NASA coordination, hut in recent years the Board has 1)ten used infrequetllly. In

addition I. improved DOI),':NASA oversight, coordination with other Exetutive (lepart-

tnents is likewise itllpollatlt.

Recommetutation #12A: Assign DOD the lead role in expendable launch vehicles and NASA the

lead in reusables.

Recommendation #12B: Maintain top-level DOD/NASA oversight and coordination through a
mechanism such as the AACB.

Finding #13: The small launch vehicle market is uncertain but could be a major growth

area--the key is development of distributed communications and surveillance systems.

An exciting but tmcertain trend in the space program is toward small satellites in dis-

tributed architectures. Emerging distrihuted low-earth-orbit constellation concepks tot
communications and the Brilliant Eyes concept for surveillance in I)OD could revolu-

lionize space missions and create a large, new, and different market for small launch vehi-

cles. l lowever, these concepls are not yet proven.
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The (,overnnmnt is clearly making progress with its support of the U.S. cmnmercial

launch industry and should continue to look for tiJrther improvements that would resuh

in enhanced opportunities lot commercial launch suppliers, such as improved access to

launch facilities and user friendly range services. Howeven the Study concluded the

Government should let commercial market fiwces thnction rather than taking a lead role
al this time.

Recommendation #13: DOD should continue to monitor development of the small launch vehicle

market but not take an active leading role.

4. Current Operations Enhancement Areas

Finding #14: Substantial data on DOD launch operations exist; however, the [29] infor-
mation is difficult to access and use effectively.

l'hc Air Force rou|inely collecls, mainlaius, and :malvzes operalions and maintenancc

data on its aircraft systems to properly operate and manage its air operati(ms. Similarly, a

sul)slanlia] atn(}unl ()|+ data is collected anti maintained on launch vehicles, equipment,

tacilities, operations, and processes. This inliwmati(m, h(>wever, is scattered, poorly orga-
nized, and inc<msistetnly collected and analyzed, which inhibits its ttse, raises costs, and

often rcsuhs in dtq)licati<m. Systematic d,tta collecli(m and tiwmatting would alh)w easier

analysis and intevprelation of Ihe inlormalion t() supporl operations and sustainment
decisions.

Recommendation #14: Establish a standardized program for metrics, data collection, and sup-
porting analysis.

Finding #15: There is a lack of standardization within Air Force space launch systems and
operations.

Stan(tav(lizali(m at the launch bases is lacking ill aleas hc,,'ond jvsl dam. The launch
syslcms and o[)evalions themselves are ditliwen! at (_ape (]anaveval Air Station than at

Van(lenbevg Air Force Base. Each laun(:]_ base developed its own procedures when launch

was under R&I) manageml:nt. N()lwilhshm(ling Ill(' Irans(i'r of lit(" launch |)ases to an

ope]atioHa] ctHlllllalld, [he illlique svsl(!lllS _llld opcF_tliOllS Ielllaill. iil FoFcc _pace

(:ommand launch wings, systcm program oftices, and NASA should work Iogelher to
deline and iml)lemen! a common set of standards.

Recommendation #15: Develop a standard set of procedures, systems, interfaces, processes, and
infrastructure across all the launch bases.

[:ml j. Concluding Remarks

While this sludy makes no recommendation for any (me specific program option, or

roadmap, 15 recommen(tations are offered that have COilllll()n lhemes--ht)w do wc gel

the maximum [)ayoff ti)c our limited dollars, and how do we create oplions fi)r tit(" tillt]r('?

These recommendations focus on (heaper approaches, such as using foreign |eehno]og_ ;

on innovative timding where (;overnmenl and industry share the risks and rewards; and

on preserving future options hy investing in enabling technolog 7.

Although the Sm(ly (;roup memt)ers received widely dill'evin R views and re(ommel>

dations ()It lalll)ch Ilceds, lechno]ogies, progralns, and lllal-lagelllen[, one COllSislelll

Iheme pevwt(led the study. 3,]bate launch A the k O, enablinL_ capahili O,,/Or the Nation to e.x;#loil



1_2(i ExI'I ( )RIN(; ]_'lTit RE _t'A( :E TRANSI'( )RE\TI( )N P( )SSI|_,III I11%

and explow space. Serious deliciencies in space launch, if left uncorrected, will have pro-

found impacts on lt_e Nation's future space program. Whih' resources to correcl these

problems will be limited, a long-term commitment to improw' cost and operational efl'ec-
liveness is essential. Whalever path is chosen must be done as part of a coordinated, time

phased, integrated, long term plan. The consensus begun in this study can and should be
used to [oster Administration and congressional SUl)l)On. The Nation can accept the stares

qtto or choose to establish a futme vision and begin lo take steps, however bold or mea-
sured, towards a more robust and capahle space launch future. The choice remains open.

Document IV-16

Document title: The White House, Office of Science and Technology Policy, "Fact

Sheet--National Space Transportation Policy," August 5, 1994.

Source: White House Press Office, Washington, D.C.

lIJtett it entered _![]ice in .January' 1993, the admil_istralimt _J President Bill Clinton abolished the

National Space Council and ai_siL_ed @ace poll 0' n,@on_ibilitie_ to the O/lice O/Science and

TechnoloK, w I'oli_w in the l';xecutive ()/]ice ¢!/the Pre._ident. That _[[ice convened an interaffen 0' work-

ing Lmm p to de_;elop a new ._tateme_t on National Space Transportation Poli_[v. 7"his poll 0' incorpo-
raled the m'ommendaliotts O/ the ,\;-ISA Access to ,Space Stutl_' atul the I)()1) Space Laum:h

3lodernizatimt I'lam and it pmvMed a conqn_,heJtsive set o/ policie_ Io shape /Utu_v I :.S. space tmn.s-

porlatiott mtivitie.s.

Ill

For hnmediale Reh'ase

TilE WItlTE II()USE

Office of Science and Tcchnoh)gy Policy

August 5, 1994

lntro(htclion

Fact Sheet

National Space Transportation Policy

The [hilled States space program is critical to adfieving U.S. nalional security, scien-
tific, technical, commercial, and ti)reign policy goals. Assuring reliable and aflordahle

access to space through U.S. space transportation capabilities is a tmldamental goat of the
U.S. space program. In support of this goal, the U.S. (;overmnent will:

(l) Bal,mce efforts to sustain and modernize existing space lranslmrlalion capabili-

tit's with the need to invest in the development of improved future capahililics;

(2) Maintain a strong space transporlation capability and technolo_' bast', including

]a/lllCh systelllS, infrastructure, and support lacilities, to meet the nalional ilt!cds

f'Ol space transp(nt of personnel and payh)a(ls;

(3) Promole tilt' reduclion in ttle cost of CIllTell[ space trallsporlalion systems while

improving their reliability, operahility, responsiveness, and satiqy;
(4) Foster technology development and demonstration to suppor! ttllure decisions

Oll the development of lleXt gellelaliOll reusable spacc transportation svstelllS

thai gleallv reduce the cosl of access to space;
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(5) Encourage tile cost-cftectivc use of commercially provided U.S. products and ser-

vices, to tile tullest extent fcasihlc, that tt|t'cI mission requirements; and

(6) Foslcr the international COlnl)ctitivcncss of the U.S. commercial space trans-

portation industry, actively considering commercial needs and factoring them
into decisions on improvements in lauttch facilities and launch vehicles.

This policy will hc implemented within Ihc overall resource and policy guidance pro-
vided by the President.

I. hnplcmcntation C,uidclincs

To cnsmc succcssflfl implementation of this policy, I::.S. (;ovcrmncnt agencies will

cooperate to take advantage o[ the mdquc capal)ililics and rcsourccs of each agency.
This policy shall be implemented am f<_llows:

(1) The 1)cpartment of DcJCllSC (DoI)) will hc the lead agency |or imlm>VCmCnt and

evolution <>t+the currenl U.S. expendable launch vehicle (ELV) tlecl, in<hl<ling
apl)ropriatc teclmolog_' development.

(2) The Nati<mal Aeronautics and Space Administration (NASA) will provide for the

improvcmcnt of the Space Slnmlc system, tocusing on reliability, sati+tv, an<t cost-
ctfi:ctiwmcss.

[21 (3) The National Acronatttics and Space i\dmitlislt+atiotl will I)c tile lead agency t_.n

tc<hnoh%0' dcvclopmcnt and demonstration fin- next generation reusable space

transportation systems+ such as Ihe single-stage-to-orbit c<mccpt.

(4) The I)cpartmcnls o[Trallsportali(:,n and (:<mllncr<c will hc responsible tor idcn-

til}'ing and promoting i]movalivc types of anangcmtmls between Ill<.+ U.S.

(;OV<'I'IIIIlC'llI and the ])rivalc s<.'<I(:,l, 3is well as Stale and local govcrnmcnts, thai

Inav hc used to ilnlllcnlcnI applicabh" t)orti<ms of this polit+y. U.S. (',<vccrmnctn

agencies will <Ol+sidcL whctc apl)ropriatc, conunhnlcnts to the privalc scc'toL

such as anchor tenancy or term|nat|or1 liahilily, ('<)llllllCllSlllalC with tile hcnclits
Of Sllch al+rallgcmcnts.

(5) The Dcparlmcnt of l)cfcusc and the National Aeronautics an<l Spa,co

Afhlfinistration will plan [or the transition t)ctwcct+l spa<c programs and futtu+c

lal,mh systems in a maimer that CllStllCS continuity of mission capabilily and
ac<.Ollllllodatcs tratlsition <<)sis.

(6) The l)epartmcnt of Dctcnsc and the National Aeronautics and Si)acc

Administration will combine lhcir expendable launch service requirements into

singlc plOCtll-elllcllls whc[I Stlch pl+OCtll+ClllClltS wottld l't?stlll it] cost savings or arc

otherwise advantagcous to the (;ovcrnmcnt. A Memorandum of Agrccmcnt will

hc dcvclopcd by the Agencies to carry <>lit this policy.

II. National Security Space TratlSl)Ot+tati<m Gtfidclincs

(|)

(2)

The Dcpatlnlcnt of Dclcnsc will be the launch agent lot thc national security set-

lot + and will maintain lhc capability to cvolvc and operate those space llallSllolla-

tioll systt.lns, ill['l'astt'tlctttl'C, |trial SUpl)ort activitics lle(t+ssal-y to lllU('l llatiOllal

sccurity rcqttircments.

Tilt" Department of I)efcnsc will hc tilt+ lead agency lot improvement an<t cvt)ltl-

tion ot +the current expendable launch vehicle [lccL including appropriate w<h-

tmlog_' development. All significant EIN technology-related dcvclol)mCnt

associated with medimn and hcaxT-lift EI,Vs will hc accomplished through the

DoD. In coordination with the 1)ol), NASA will <'<mlintm to be rcs])onsibh • tot

implementing changes necessary m mccl |Is mission-unique VC<luircmcnls.
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(3) "File objective of DoD's eliot! t{} inq}rove and evolve current EINs is to reduce
costs while improving reliability, Ol}erability, responsiveness, and saiety. C{msistent

with mission requirements, the Dol), in cooperation with the civil and commer-

cial sector, should evotve satellite, payh}ad, and launch v{'hi{le d{'signs to achieve

the niosl c{}st-eftective and affor{la|ih' integrated satellite, payload, and launch

vchi{le conibinatiou.

(a) EIN imIirovenients and evolulion plans will be implemented in co{}peratiol]
wflh the Intelligence {]Ollllllilliily, [hc National ,.'kel(}tiatlti{:s and Space

A{hnildstraiion and the D{qiartn]{qlls of Trai]sp{}rtatioil and (]OllllllClC{_, tak-

ing into ac{{}ul]l, ;is appropriate, the needs of the {:{}nunercial space hlun{:h

S{_{'I(}I-,
(t}) The DepartInent of Deti:nse will maintain the Titan IV launch system until a

replacement is available.

The l)el}artm{'nt of Deli'ns{', in co{}peration with NASA, may use the S]}ace

Sh,,Ittle Io meet national security n{'{'{ls. I,au.nch priority will be t}rovided tor

national secttrity missions as governed by appropriate NASA/Dol) agrt'{qn{mts.

l.aunches iwcessary to preserve and pFO[C{'t htllllall liR" in space shall have ih{'

highest t}riorily t'X{'t'I}[ in linl{'s o| nalional cniergency.
{5) Prol{'{tion ofspa{e Iransp{}rtali{}n capabilities employed lot national seculily i}ur-

poses will bc I)tlFStlCd {'{}IIIII/{'I/SIII';A[{" wilh ih{'ir i}hulncd use in crisis and {:(}lll]i{:t
and the threal. Civil and c{mmaer{ial spat{' transporlati(}l] {:al}abilities i{Icntit]cd

as {ritical to national St'{'llFily IIlay tic modifie{l al the {'xl}cllS{_ oI Ihe requesting

agency or dt't}arlin{'nl. To the nlaxilnuin {'xltqlt possihl{', ihcsc systems, when
ni{}{titie{l, should l{!laill ih{'ir lltiFllla| opcFali{inal utilily.

III. Civil Space Transportation {;uidelines

(1) The Rational AeFonalltiCs and Space Adnlinistration will (oiiducl human spat{!

tlight i,i exl}hiit the illliqllc capabilities all{| attributes of h|llllall a{c{'ss I(} Sl}aC{'.
NASA will {{}lliilltl{' to illailllaiil Ih{' {at/abilily Io {}I}{'ial{" tile Spa{{" Shull]{" fleet
ali([ associated fa{iliti{'s.

(a) The Sl}ace Shuttle will t)t' used only fOF missions thai re{tuires hillllall pr{'s-
{-liCe i,)l other unique Shuttle capabilities, or where tlSC ot" the Shuiilt" is deter-
ill|lied 1(} be illlpOllalll t{}l national securit); f{}rcign policy or olh{'i-

{'Olllt}{'lliill. _ I}tlrposes.
(b) The National Atwonautics an{t Space Administration will nlaintain lh{" Space

Shuttle systenl until a Fel}la{t'ment is available.
(c) As ftliUre dl'velolillliqll {if a llt'W reusabl{" lailll{:h system is anti('it}aled, |}l'{}-

{'tiFf'lilt'Ill {,l ad{lilional Space Shllltl{" (}Fbiliqs is ll()l l}lanned al this lilll{'.
(2) The Nalional :\tqoiiailti{s ali{| Sl}a{c A{hiiinislraii{in will b{' lit{' ]cad ag{'li{y ['{}r

I{'{hn{ii{igy {l{'v{'h}i}lntqil and {|cnl(}listiali(in of next g{'ii{qali{)n r{,usa|}l{" space

llallspl}Flalillll svsl{'liiS.
(a} The obiectivc {}| NASA's icchnolog T {Ieveh)l}nt{'nt all{t {i{!in{)nsll'aliOll c|torl is

to SUlit}{irl goveiiiinoni and private secl{}r dc{'isions by lilt- end {)| this {l{'cad{"
1}11{t{,v{'hil}nl{_'lit of an opt'lali{)llal lieXl g{'ntqali{}n l{qlsaI}lc laullch syslcln.

(h) Research shall hc focused {in technologies I{} supporl a decisi{m no later lhan

I}ecenll}er 1996 to proceed wiih a sub-scale tlighi d(!nl(instrati{}n which would

l}r(iv{" Ihe {'{}ni:t'I}I of sitlgle-slage-to-orbit.

({') "lkchnology dcv{'lol}nicnt an(I dcnlonslratioi], including ()i)crali(inal (:oll-
ct, t:)ts, will tie impl{,nielite{l in cooperation with rt'lalt'd a{-livilics in lile

l)t,i)aFliii{!lil {if l){lt{qis{',
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(d) h is envisioned thai the private sector could have a significant role in nlan-

aging tile deve]opnlen[ and operation of a new reusable space lrallsporlalioll

system. In anticipation of this role, NASA shall a( lively involve tile private sec-

tor in planning and cvahlating its launch leclulologD, activities.

[4] IV, Conunercial Space Transportalion Guidelines

(1) The Untied States (k)verninenl is t onnniued 1o encouraging a viable commerciai

U.S. space transl)<)i'tation industry.

(at The I)cpartmenls <)t" Transl)()vtali()n and (;ommcrce will l>e rcsp()nsitsle fin-

identi_'ing and pronloling innovative lypcs ()f arrangements bclween ill(' U.S.

(;<_,vernmenl and the private sector, as well as Slate and local govermncnts,

thai i_;_ r be used to implenlenl aplllicabh, porlions of this policy.

(t5) The Deparlnlenl of Transportation will license, tktcililale, and promote ('ore-

inertial launch operations as set I_)rlh in lhe Commercial Space Launch Acl,

as amended, and Executive ()rder 124(;5. The 1)el);I.rlnienl of Transporlalion

will coordinate witil file l)epalllllelll ol(]Ollllllelr'ce where appropriale.

(c) U.S. (;overnnlent agencies shall i)urchase commercially available U.S. space

lransporlalion products and services to Ihe fullest extent tk'asiblc that meet

mission requirclncnts and shall not conduct aclivilies wilh commercial appli-

(alien Ihal preclude m deler comnlercial space activilies, excepl fi)r national

secllrily of putslic safely ieasolls.

(d) The U.S. (;oveillinelil will provide fi)r lilt" tiniely lralis[er 1o the private seclor

of unclassified (;overlllllelll-developetl space lrallsporlalioll technologies in

such a lllallllei- as Io plolecI llleiY conlnlercia] vahle.

(el The U.S. (;oveilillleiil will illake all Ieasollalile etlbris to provide stable and

predictal)le access to al)propriale space lralisporlalion-related hardware,

[acilities, and services; lhese will t)e Oil a ]eiilll)lllsable basis. The I_!.S.

(;overnmeni reserves lilt' ril_,hl lo list' such ta<ililies and services on a priorily

basis lo lneel national se<urily and critical civil seclor nlission requircnlcnls.

(f) U.S. (,ovcrnmeni agencies shall work with the I;.S. c<mnnercial space seclor

1o pronlote llie eslablishnienl <it lechnica] slalidards t()i- comnlercial space

prodtlClS and secvices.

(2) U.S. (;overllilleill agencies, in acquiring space launch-related capabilities, will, to

the eXlelil feasit)h" aiid COlisistent wilh illiSsion Ieqilirellienls:

(at Involve lhe privale seclor in ihc design and development of space lrans-

per(alien capal)ililies and t'liCOlllage priwtie seclor financing, as ai)propriale.

(1)) l';inphasize pl()ctlrellleilt strategies thai are based on tile ilse of eomlllei(ial

U.S. space transportation products and serviccs.

(c) Provide tor private seclor relention of iechnical data rights, linlited only to

lilt" exlell[ HecessaF.V It) lllee[ g()vel'nillell[ lice(Is.

((it Encotirage tsrivaie secl<)r alld _lale ali(l I<)cal goverlimenl iilvestnleill an(t par-

liciI)ali<ln in lhe (tevelopnleilI ail(l improveillelll ill U.S. launch sysieills alld
inliaslruclure.

[5] V. Trade in (:onnnercial Space l,aunch Service

( 1 ) A long term goal of the Uniled States is to achieve [fee and lair lrade. In pill'Sllil

of this goal, ihe U.S. (;overnnlent will seek lo negotiaie and inlplcn)enl

ag, reeillellLS wilh olheF nations tilai dctille principles ofl)ee and fhir trade for com-

llielcial space lailllch selvices, limit ceilaiil govellllllelil Sllpl)olls and IllltTlir prac-

lices in lhe inlernaliona] inai-kel, and eslaillisll crileria rcgardintr parlicipation by
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space launch industries ill countries in transition ti()m a non-nlarket to a market

eCOllOlnV.
(at International space launch trade agreements in which the U.S. is a party lllllSl

allow for elleclive means of entorcemenl. The range of options available to

the U.S. must be sufficient to deter and, if necessary, respond to non-

compliance and ptovide ettective relief to the U.S. cominercial space launch

industry. Agreements must not constrain the ability of the United States to

take any aclion c()nsistent with U.S. laws and regulations.

(b) International space launch trade agreements in which the U.S. is party must

be in confi)rmitv with U.S. obligations under arms control agreements, U.S.

nonproliferation policies, U.S. technolog T transfer policies, and U.S. l)()licies

regar(ting ot)servance of the Guidelines and Annex of the Missile Technolog)'

Control Regime (MTCR).

V1. Use of Foreign l,aunch Vehicles (;omponents, and Technologies

(1) For the toreseeable future, the United Slates (;overnment payloads will t)e

lmmched on space launch vehicles manutactured in the United Slates, tmh'ss

exempted by the I'resident or his designated represcntative.
(at This policy (lot's tl()t a])ply to use o[li)reign launch velficles on a no-cxchange-

olZftmds basis t() Stll2)p()rl Ihe ti)llowing: [light of scientilic instruments on fi)r-

eign space(v:d[, inlcrnati()nal scientific programs, or other cooperative

government-to-government programs. Such use will bc subiect t<) interagcncy

coordination plo(edtlres.

(2) The U.S. (;overnment will seek to take a<Ivantage of l()rcign componcnts or tech-

nologies in upgrading U.S. space transportation systems or developing next gen-

eration space Iransporl,tlion systems. Such activities will be consistent wilh U.S.

n()npr()lili'ration, national security, and ti)reign policy goals and commitments as
well as the commercial sector guidelines contained in this policy. They will als() I)e

(()n<htcled in _ manner consistent with U.S. obligations trader the MT(;R and wilh

due c()nsiderati<)n given t() dependence on li)reign sources an<l n,tlional sec'ttrity.

VII. 1.!se o1" U.S. Excess Ballistic Missih" Assels

(I) I.LS. excess I)allistic missile assets that will be eliminated under the START

[Strategic Arms Reduction Treaty] agreements shall either be retained ti)r gov-
ernment use ()t- be destro'¢ed. These assets may t)c used within the U.S.

(;overnment in accordance with established DoD procedures, ti)r any propose

ex(ept to launch payh)ads into orl)il. Requests fi-om the Department ()f l)eli, nse

o,- from other U.S. (;ovcinmcnt agencies t() use these assels li)r launching pay-

l()a<Is imo orbit will be considered bv DoD on a case-l)?,-case basis alld reqtlire

approval tw the Secretary of Dcfense. 161 Milldful of the policy's gtfi(tance thai
U.S. (;OVCltllllel/l agencies shall purchase commercially available U.S. Sl)aCe trans-

portation products and services to the fullest extent feasible, use of excess ballis-

tic lnissile assets may be permitted tbr laun(hing payl<>ads into ()J-I)it when the

following con(lili()n are met:

(at The payload supports the sponsoring agency's mission.

(t)) The use of excess ballistic missile assets is consistent with internali<mal oblig-

ations, in(luding the MTCR guidelines and the START agreements.

(c) The sponsoring agency must certit}, the use of excess ballistic missile asscls

results in a cost savings 1o the U.S. (;ovcrnment relative t<) the use of available
commercial launch services that would also meet mission requirements,

including l)erli)rman(e, schedule, and risk.
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VIII. hnplcnlcniing Acli<ms

( I ) Witilin 90 days ()f approval of this <lirc(tixc, ,t;nilcd Slates (;ovcrnnwul aw,:m:ics

arc (lirct:tc([ to prep'arc lilt Iollowing [or submission it> the Assislanl to file

Prcsi(Icni tor Scicilcc and 'l_'<]lnol¢lgy and the Assist;ini io the Prcsidcni fi)r

N_llional Sccurii,v Allairs:

(a) The Sccrcl_il-ics of I)cfcnsc, (]ollllli(!l'('c, Transl)()rlalion ' and Ihc

A(hiiinislralor ol [he Nali()llal itcroii_ililics ali(t Spacc A(hniliislraliOll, with

alli)rol)rialc inl)Ul fr()iii Ihc l)irc(ior of (]Clilr_ll hlicliigcn(c, will l)rovi(lc a

rci)()ri thai will lilthi(to _i ('()lillll()ll sol oI" rt,(iliirclllclils all([ _i (;o()r(lilialc(I

lcchnoloK_' [)lan lll_ll addi-csscs lilt" llCCdS o|' ilic II_lli()lla] sccurity, civilian, and
colnnlcrcial si)a(-c launcil sc(lolS.

(t)) Tlic Sccrclai-v of l)clt!nsc, wiill iilc Stli)poi-i o|()lht.r iigcncic.s as rcquircd, will

IllCritic Jill inii)iClllClllalion ])laii ltial it|eludes sclicdulc _tlld fllnding It)i
inlilroVCilicill and cvohlliOll of lilc currcnl I_!.S. I_;I,V |loci.

(c) "|lit" AdlllilliSlr_llor o| lilt! Nalioil;il Acroil;ttlli(s and S[)_tcc AdliliilistialiOll,

wilh lhc su[)[)oil of oihcr _igClit'ics as required, will lirovidc all inii)hqncnia-

lion phil thai inciutics scllCdlilC aild fiin(lin<g lor iniilrovcincnls o|" lilt" Si)_icc

_hlllllc SVslciil _lil(l lcC]lliOlOg), dcvc]O[)lliClil and dcinoliSll-aliOli tiir ncxl gCli-

¢<'r_ilion I-CliS_li)lc Sl)a<-c Ir_ili.SiJorl_ilioii svSleliiS.

(d) Tilt Sc(rctarics o]'TrailSl)orlalillll _iild (]OIIIlllCI'CC, with the SIl|)|)orl of olhci"

agencies as rcquircd and U.<S. indiislry, will providc Jill inli)lcnlcnlalion plan

lhat will focus Oll IIIC_ISIIV('StO [()Mt;r _lli inlcrnalionallv compel|live U.S.

I_llliich capability. Ill addition, lhc St'Clel_lrics will [)rovi(Ic iCcolnillcndaliOliS

Io lhc [)ci)arliilciil of 1)c[{-ilsc and Ihc N_tliona] AcroliaUliCs alld Si)_it'¢,
A(hninislration thai t)roinolc lilt' fllil iliv()lvcnicni of lhc coninlcrcial sector

ill ihc NASA and I)ol) plails.

Document IV-17

Document title: NASA, "A Draft Cooperative Agreement NoticeIX-33 Phase II: Design
and Demonstration," December 14, 1995, pp. A-2-A-4.

Source: NASA Historical Reference Collection, NASA History Office, NASA
Headquarters, Washington, D.C.

B_' Ihe e,_d 0/ / 995, NAX4 wa_ rea<l_" to move Jorward with lhe X-77 tech_mloL_, demon,_tration pha,w'

(_/ it_ Reusable Launch l+hich, (RI.(1) pm_?am. Thr(ntgh this Cooperative A creement Notice (CAN),

tke aAq,_uy invited I'.S. indu.stry to [mrti(ipate in the prog_ram. "/he use of a C,tN was innovative;

prior laumh vehD h, deveh_[xme_d pr_4trram._ had ahvavs ba, n carried out under c(mtracl to the gray

eminent, rather than a_ a Lmvtq,nmenl-inda._trv ('oope_ative andertakinA,. 7"hi_ CAN wa_ al_o ore, O/

the [i_:_t government wquests fin a propo._al./bi a matin, undertaking that asked fin _ubmi._sion._ on

CD-ROMs rather than in paperJormat. L<u'khmd-Martin, l¢otkwdl International, and M<lhmnell

l)ouL_la,s responded Io the CAN; ultimately, l/Jckheed-Martin wa_ ._electrd as the industrial partner,[Dr

the X-37 proA_am, ll'Tmt /DIImvs i._ iu_-t t)w pr(4_,'mm/technical de,wription that wa._ Appendix A.
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l)ecember 14, 1995

National Aeronautics and

Space Administration

A Draft

Cooperative Agreement Notice

[A-2]

X-33 Phase II: Design and Demonstration...

APPENDIX A

PROGRAM/TECHNICAL DESCRIPTION

Section 1 - Program/Technical Requirements

1.0 Introduction

This progrmn will i,nplenlcnt the National Space Transportalion Policy, spcciiically

Section 1Ii, paragraph 2(a): "The objective of NASA's tcchnolo_" developmenl and
demonstration etti}ri is it) supporl governntent and private sector decisions hy the end of

this decade on devetopmenl of an operational next-generation reusahle launch system."

'l'he objective of this NASA Cooperative Agreentent Notice ((2_N) is to iniliate the tinal

design, construction, [lighl and ground Iesl of all advanced technology demonstrator

vehicle, Exl)erimental-Thirtv Three (X-33) as a part of the RIN Technology Program. The

X-33 tnttst adequately (tenl_)nstrate the key design and <)perational asl)ecU of a Singh'

Stage to ()rbit (SST()) RIY rocket system so as to reduce the risk to the privale sector in

devcloping sttch a commercially viable system.
In order to meet its objectives, the X-33 program lnttsl he a very' aggressive, toctlsed

launch lechnologT developmellt program. It has extremely demanding technical goals

and equally demanding husiness goals. Through ground lest artd flighl lest, the program
will deln,ol{strale improved operability, sat> ahort, reusability, and atti_rdability. Technical

objectives include improved mass fraction for vehicle strtlctures, and improved thrust to

weight ti)r rocket propttlsion systems.
The intplelnentalion phases of the X-33 are structul+ed its li)llows:

1.1 X-33 Design/Demonstration Phase (Phase 11)

Phase I! shall dew:lop necessary data to support an intormed program conlinttation

decision al the completion ot Ihe P'hase. This phase will consisl of Ihe final design, [abri-

cation, assembly and test of lhe X-33 svslem. The X-33 vehicle will bc tlight tested using

an incrementalexpansion of the flight envelope to demonstrate "aircraft like" operations.

Flight testing will be accomplished at an appropriale test range. Phase II will be complet-
ed O11 Ol" hel'ol'e the end of the decade. This ('.AN is a solicitation for lhe X-37;

Design/Demonstration Phase (Phase Ill.

1.2 Commercial RLV Development/Operation Phase (Phase III)

The previous phase is ti)cused towards demonstrating the tcchnolog), to build
reusable launch vehicles with aircrafl-like operalions. If titlly successful, it will enabh" it low
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risk, low cost dewlot)n,leut of a conmwrciallv operated RI.V syslem. This final phase will
design, maHt,lfa(lllre, and operate the RI.V si,stem.

[A-3] 1.3 Phase II Scope

The program shall develop nccessarv data to support a Phase lll decision at the end

of the decade. The X-33 will (|elllOnSll-_tlt_ the critical technologies needed for orbital

SSTO rockets in realistic ope,+ational environments. 'l_)the extent practical, the X-33 will
be tested in the ascent and ,eent D, t]ight environn,lents <)f a full-scale SSTO rocket. In

addition, the X-33 will f(,lcus t)n those operational issues which are critical to the develop-

mcnt of reliable low cost reusable space lransportalion. The X-33 will incorporate more

advanced ,lnaterials with weights and margins lraceabh, anfl scaleable to those required bv

an SSTO rocket. The X-33 ground support and flighl control systems will be designed u')

accomplish operations and supportal)ilitv goals which are key t{) lower cost system opera-

lions. The operabilip; and performance demonstrated by tht( X-33 _411 provide the neces-

sap¢ data to establish the detai'led requirements toy i_ [uture operational SSTO. Key

technologies required fi)r low cos! space access that al-(' not integrated onto the X-33 fligh!
vehicle will also be demonstrated, e.g., gl'Ot[ll(| based techn<,lltJg-)/demonstrations.

1.4 Phase II Technical Objectives

" Tech,llolog' 3' demonstrations (flight and ground) must be itnplemented to reduce the

b<`tsiness and technical risks which will enable privately financed development and
operation of a next generation space transportation system.

• The X-33 flight system, subsystems, and major cotnpom,nts shall be designed and test-

ed (in tlight and ground) so as to ensure their traceability (technology and genmal

design simillu'ily) and scaleabili/y (directly scaleable weights, margins, loads, design,
thbricalion methods, and testing iq)proacl_es) to a tidl scale SSTO rocket system. AI it
minimum, key demonstrations should include: stvuclural mass t}aetion'and mai,l,l

engine l]llllSl t() weight.

• The X-33 system must demonstrate key "aircraft like" operational attributes required
tot a cost efl_'clive SST() rocket svsletn. At at minimum, key demonstrations should

inch,|de: operability (e.g., increased TPS ,lobustl,less, wealt`lel; elf.), reusability, attorft-
ability, and safv abort.

• Tile X-B!_ svstenl lllllSl begin flight testing ])v March l, 1(.)9(.).

• Program must meet X-?,3-related criteria as sf)ecified in Appendix ti.

Section 2 - Resources

2.0 Resource Sharing

SignilicatH cost sharing by i,l,ldt,stry is a,l,lticil)a/ed during Phase 1I. For cost sl,laring
purposes, the (;overnmenl's share is defined as that _tlll()tllH 10 De ful,l<`ied undel the

(]o()perafive Agreement. hl<`tustry cost sharing may include <`ash (t),rotil base<`l o,l-ventt,lre

capilal), Independent Research and Developmenl' (IR&D) flint`is to be expended in per-
fbrmance (,if the Cooperative Agreement, and non-cash conlributi(ms. Industry n(m-cash

conlribuli<ms are gove,lne(t b v ()llice <`,ifManagement and Budg, et (()MB) (;irt:t,llar A-110,
Section 27;, enlilled "(lost Shaving, or [A-4I Matching." lndustrv's (()st shave shall not t)e

charged Io Ihle (;overlllnell[ til`lder Ihe Phase 11 (]oopeli|live Ag-ieenlelll o1 _lllV o|]lel- C()ll-

tract, gl'itll|, or Cooperative Agreement, except [by alh,lcation its an inditect <`(_st as pa,l-t of
an IR&I) program, ttoweveL otli'rors shlall not cotlnl IR&I) funds already tilt)cited as (<.)st

shari,l,lg to existing or l)revi(,lus (_oot)erative Agreement ettorts. ()tli'ro_s' pr(,lposed cost
sharing shall begin Ul)On award.
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2.1 Government Budget Information

All,,' award ix sub j0el m tilt' availability of Inn&. The tbllowing funding inlbnnalion is

providt._d its a guide to lhe potential level of funding available.
Expectcd real year tunding in millions of dollars, by gm,ermnenl fiscal year (1_), is as

tbllows:

1996 1997 1998 1999 Total

43.00 197.90 340.30 359.90 94 i. 10
Total X-33 Budget

The tired|rig included in this table represents NASA's projected thnding to complcle

Phase II. This represents a fixed investment by NASA.

This profile includes funding for all of tilt" following:

a. Funds provided directly to Ihe selected ottt_ror un<ler the resuhing (]ooperativc
Agrecmcnt, ill col_junction with the payment milestones.

b. Funds w'quived to pay tb,- dlarges relating to the performance of (;overnment
responsibilities undt_l Ill(' 1-esulting (_oopcrative Agreement ((;overnment

responsibilitics mav require non-cash iCSoltrccs ill Ille [(}l'lll O| pevstmnel, tat|li-
lies, services, etc., made available through the various installations). These may

include charges [or program support, malerials, t_tcility moditications, eR:., bul do
not imlude salaries or travel for Governnlenl personnel. ()tt__'rors are responsibh"

lor negotiating and obtaining commitment lc'llel'S tiOlll participating installations
and associak'd task agreements, which will detine candidate inslallation responsi-

bililies/conlfibutions and the charges relating to the performance of these

respmlsibilitics (see Appendix B, Section 1.7 and Appendix E). l'aynlen! of these

charges will be made internal to tilt." (;OVelllnlt'lll Olll 0|" the available program

funding.

c. Funds required for term/high payott technolog 7 denmnstralion and indirecl

(;.OVCllllIR'nl t)l'Ogl'dlll Support.

For purposes of I)lamfing, each tiscal year budget shall allow lhe progtan/

((_oopevative Agree!lent atnd governmenl iuslallation funding) to operate through lhe
tlIOlllh of Novembel o[ +ca(h year....



Biographical Appendix
A

James A. Abrahamson (197;3- ) w;Is till' Ih'_u tlir_'_ t.r <_! Iht' Smltt'git ])('Jr'liSt' lnitiadvt. ()rg_miz;.io. (SI)I()L

lit'rt'tcived _ibat ht'/m"s fh+grct• fionl tilt'M;iss;Itlltlst'ttshlstitute ol 'lk'thnology (MIT) ill 19_I and tOml)lctcd

his pilot traimng inttht"I!..%.Air Follc in ]!G7. Aht'z +.'miring his maslt'r's tlegrt,t_ in ;scrmlalntic;dengillct'ring in

lglil, ht +was assigut'd as st>act'craft prt!jct I oliit tw t,n lht' VE[,A Nuclear l)etcctiml Satcililt' lhogram. Hi' htlcr

hi+came tilt' }]rogr;mi tlineclm" I_it tht' Mavt'J kk mis',.ih' prog1am at Wri_ht-Pattt'rs<>nl Air l:llrce Basc and. in 1976.

the l_.Ui_Rlmn dirt'ttor ol the F-16 All (:mllllat l:ightcl lii<.grmll+ In lg_I, Al+rahmnmon assttmt'd tilt' |>osiliml i_l

ass_)t iatt, athtliIlislrator ll)t" tilt" NASA ()Hit(' of SllaCt. Tl+mspott_lti.n Systt'ms, r<.'sptmsil)h, l_+i tilt" n:alil)It'n Sllai'c

Shuttle i)l_)_laul. Fl<itli 1!l_4 It+ 1(,1,?'++'!),Ill' t',+_is tilt" (hit+I t<mlnmildt'r (d lhesidt+nt R_mahl Reagan':+. Str;itcgil

l)tq<'nmt' [llili;tti'+.c ($1)I) l++ro_tam. +I'od_iy, Ill' is ;i dir,:'t tm _)I ()tllital hml_iiL_ ('+orp<)r;ttioll ill litdles, Virgiilia, and

tlc,," chair and t hief t'xccuti,+'e lllliccr of,_,Irat(ioln mlt| Ai_ S+delx (_<)Hstlltmils. St't' ":\llt;dtm+Isi>tL Maj. (;t+n. lauw+,

A.," bi<_gyalfllic;+d file, NASA ]llstorital Rcf<'rt'nc,_' C.lh'tti_m, NASA l listol_, ()Hitc, NASA ]lead<|umtt.r++;
W;Ishitigton, DC (bert'+alter rt'i_'rrcd t(l _zs "NASA I [isl_)i it;d Ri'|t'li'lll c (;_illt't ti_m").

Sherman Adams (1899-1986) h;id thc titlt' i_I+;tssistmll to lht' lht':+.idt'nlt :rod st'i,,ctl as l)wighl 1). Eiscnhov,'ci',.,

chicf ol st_il+ llelv,'et'il 19,rl3 mltl 195_q. Prt'xi()us]). hc had llcml ;i int'mht'e oi the |h)ttse (if Rt+l)rt,+,t,nt;itivt,,+.

(R-NIl) bt'twt,t+n ]94_3 and IG147 and g,t>verllor oI" Ncw 1 lmlll)shirc Ir_ml I!)19 t_ 19,"33. Atlan+n It'signcd Iroln the

l'_ist'nhowt'n ;idmiHislrati(>n m l,qS_. Sec Kemlt'th E. She'+s'm;ikt'n; +"['he _Sht'im+m Adams l';q+t'rs,'" l){7llttlolllk (,'td/+_r,,,

I.+bt++_)' It.l/eli. lit (Allril 196!1): 88-92; J,>hu IG. 'Wicknlmi, "l'atlnt+n-shill li>u Resl'art h," ])atl.lo.lD (Jd/l'[_re I++blttry

B.ID_ti. Ill (April 196!)): !)_+-97; th+toPT+al Mal+.P#rtZs i+l the" IJ+z,iffDt D. 1+Sv+.h.++,,,_ I+iDr._+ (Alliltmc, KS: 1),,,,,ighl 1).

l']iscnhm.,cl [,illlm?,'. I!)$9), lip 8, 48; N+.w )+_d+' 'IL,,;'_. ()it_>llm ','S, 1986. p. I)28.

Spiro T. Agnew (19hq-l.qg;q) ',+,'a.'+t+It't ted Vice lhcsidcnt _',I tilt' l.rililt'tl St;tit+,, in Nm'enlbcr I!16S, st'i_'iil_ t£tldcr

Rit hard M. Ni×oli. l It" st't'+'ed _ls t h;lil _lt tilt' 196!1 Sl>_it-i. "l'ask I.',ll>ii t] tlmt dc_ch>llt'd _l h>tig-i;iiigt' plan ti>r a l),>st -

Apollo +p;lcc i'll{lit, 7h+'l'tJ+l-Apo/IoSpa++,/%g++t m: lJiov/i,.+s ]+.lh+.l..l.++. (1._,Dishiill_ll)ii. l)( ',:i'rt'_idt'nt's Soil'lit e At-tvisol_,

(]Ollli( it, _t'lllt'lilllt'i 1969) dcvci_li)t.d _lli t'xl);illsit t. illlift-:till lil;ll int hlded builditl_ +t "+llaCt' _+t;ilil)ll, _t +ll_i(/• +4hilllit _,

_i hill:il I)tl_,t'+ _iil(I _1llli_,i<)ii to Mar++ (lltt' la_+t go_il ll_td ])t't'll t'ii<lOl_,t'd Ill +\gilt'ill ;11 Iht" Iilt/t' ill lit(' Al>_lll<l 11 LIiilit h

iniul 7, 1969). Nix<ill did ilill ;t(('(.tll Ihis ill;ill, +ill(I <lilly Ill<' Slilil t. SIlillth' t*,';tP+;t[)])iolt.d tilt tlc'+t*l<lillnt.nl, _+t" R()l_,t'l-

1), l._ulliiti_+. "NA_,A mid Ihe [)t'ci'+ioti Icl lliiild iht' Sll_it t. Shlltlh', 191i!i-77>" 77tc lfA/./7+.+ F_7 (Alllllinli 19%1): 17-i+,-I.

A]'nold AldPich (19'.lt7- ) w+ts Iht' ;isP+otiatt' ;idnlini++ll;li<>r tbi iht' NASA ()ltit t" t>t _.l)ilt t • SVsl+..lli_, l)evt.iotllnt.ni

IlOlil 1991 tl> 199-1. In I9+_9, _,Ollll alier gl;idliltliil<_ ti<)lll Nl>llli(._l++l(,i-ii Univursit),, hi. iimit.d NA$A. \{'()lkiii_ ;it

Itit' Iohti'.m SlmCt ' (;t+lilt'r, lit' ht'Id a ilutnbt'r i)l kt')p<_,+iih)ll+, in the Mt'lcury, Gt'niini, Apollo+ Skvlab, Apolh>-

._+ll}'tl.#, :lild Sll;ict ' Shulllt' lll'll_l+llllS, In lt.)+(i, lit' was ii_tilit'll iht" dht'clclr (it lilt' _ll;it ¢ Sllulllt' IIl'llgl'itllt +illti h'd

tilt' I'l'( (IVt'l"+ ;it li'_ilil's llt]('l" tilt' (7_lfdD,lt_rt,i3l('tidt.ll[. ,'\li('r .3_ _>'l';ti'> <if sl'lxi(e l<l [hi' ;tg('ll( %; h(' I'_qil't>d fll)lll N,'\_A

ill 199`1 mid i(fiilt'd l,(It kht't'(I Mi'+silt's mid SI)+i( t, (]_millaii_, _ln xict. llrc,,idt>iil lil_ cllinmt'rcht] spate progranln. Set'

%\hhil It, \lil.ld.'+ l>il)t4r;tl)hical tilt', NASA t Ii+ioiit al Rcli'tt'ill t' ( ;tiller Iillil.

David E. Aldrich hc;uled tht' F-I t)lO_l-_lln '+illt t' i1_+iilt t'l/lion in thc I;ite 1931)_+.A_ llr+l_i;llii in_ili;igt+l <)t tilt' l'_il_ilit.

illo_r;iiii ()tlict' _il Mm++llall Si);it't, Plight (;t'lllt'l, hc dileCli.d F-I t.ll_illt+'+_ (ll.xt.l(lllllit.il I ii'_lill ilS t';li'k design

Ih rllil_h dc'¢chlllnil.ili + qll;ilit]catioii, Hlltl +,ltcl e',.,ful tlighi it'l _lid. l/l'fili t' thi., lit o_rllill, lit' xv;Is _t I)io_i;inl t'lib_iilt.t.i

willi R_tt kt>tdvnt.. St't. "Aldrich, l)clvid 1(.," lli_>_l;tl/]lic_il Iih'. NASA 1tiniol i_ll Rt'ti'rcnct' (;_lllt't ii_ii. _.l;il?+ll_lll SI)aCC

l:lit411i (Jr'lilt'i. lhinln'+illc, AI. (|it'rt'at/t'l it'tt'ii('d I<)_l++ "Mm,dl;tll's NASA tti_,lori(;ll Rt'l{'rt'iltt' C_ll]t'ction").

Edward C. ("Pete") AIdHdle , Jr. (lt.t_t4 - ), hilt'lit Ili+_ t'ntiit _ t m<.<..t ill tht" _i<'i(int)act. toilinitiliilv siP+;I t oill_li_tlt'

_liill ,_li%(.llinlt.lll _>ttit illl. tic ++t'rxt'd _in ttiidt'r _t't rt'l;ii_, _iiid lht'ii _,t>(it'i;li'+ ill ihc AiI l:orct' (tiiliil_ lht' Rt';t_ili

_icInlhii_li_iliclii. I/t>li)il , lht'il, lit' _<v_t_,t'dut ;ilt'd lit 1"t.x_is .\_<{'M I tili_+t'i_+iix mid ihc (',t'ol+_i_i hl'_iitiite _)t "1"t't hiltdl)g)

((',l'l>ll_i_l I)<'t It). I It" ('lllt'rt'd lht+ |)('|)_tillii('lil (ll l)'_'tt'il_t' ;t_ ;l_,i_,l_lilt >,t'( Il'l_ii_+ titr <+_.Mt'ii/s _tll_il'+,++i_,t'i(llli 19117

lhrotl_h 197_. 1[e t ilen Wt'llt Io 1;I+%' At'lllSllat t+ (]llrt)or_tlillli t_lr ;l "+_t';il and ill 11)7.<t_;ts nanlt'd ncnior Ill_tl't_i_('-

lilt'Ill ;i_,Oli;tlt' iii Iht' ()ltilc _ll" _J_ill;igt'ilit'ill Hiid I_tidl._t.l. Rt'tliiiihi_ Io lhc l)t't)_iiinl(+lll ill" l)t'l_<'n_,c hi 197-1.

,L\ldritll4c _,t+i"s'l'(l _i_+:t_,ninlmll P+<.'t'l('l;tiy till' sii;ilcgit ]liO_l';ilil_4 utilil 1976. lh' Ih('n iiiovt'd balk I_> iiri'¢att, iltdii_,li"+

ulitil ll'('IIlt>iiil<_ _l'+'_'l'llilit'lil st'i_,'it'e whh lht' Ah I+'llrcc ill 19_1, St't' "Aldridg<., l+]tt'_'ill-d (].+' bio_l.;ti)iiic_i I till.
NA._.A I ti.+i_l_ it;il Rl'tt'rt'ilCl. ( ]lllh'clilln.
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H.J_ian Allen (1t110-1977) was ml t'minent space pioneer. Upon graduation |l-|:,Ill Stantord University ill 1936, he

joined tilt' l_mgh", Menlorial l.ab.rato:,' of the NACA ill thlmplon, Virginia. Ill 1¢-t41, when tilt' Ames Researth

l.aboratop,' was established, lit' Ill(IVed tO Califiwnia and spent lilt vest t)l his t aleei" _+.1Alnes. His lll_lSt (lll|S[_llldill_

I'llgineelillg achit'_,elllelll x_,as as Ihe ol+i_inator of tilt" concept <if bhlnmess as all aetqidyllallli( technique |GF l+educ -

ing Ihe heating _)t space| tall w¢'ntcy inlo Earlh's atnll)spherc. This design was succcsslully used in tilt' Mert ut_+;

(;cmini, and Al>ollt+ programs. _'e "Allen, It. lulian," biographit al tilt', NASA Historical Refi'rcnce CMtecfi<m.

Mihoo B. Ames, Jr. (1919-1978), graduated I]_m+ (;cor',4ia Tech with a degree in aetomlutital engineering in

1936. lit' then ioined the NACA as a research enginet'l het;c+l'c beconling chief ot it+s aerodynamics diviskm.

When NASA was b,,rn in 1958, he })t+t aln +? chief _+fits Aer, ldynatnics and Flighl Mechank s l)isisi,,n, l+,ctore rclir

ing in 1q74, he also stq xed in a xm icl+ o[ Hd',,_lllIed spat(" IeseiII'Ch positions. He tel tired lltllllel'(lllS aW+Iftls l]'Olll

NASA. Sce "Ames. Milton B.," l)i;_g_aphical lilt', NASA I list<wical Reference (:ollection,

William A. Anders (1937,- ) was a latter t r+s. Ail Forte officer, ahhough a graduate ol the U.S. Naval Academy.

(:bosch with the third group of asllc+llalltS ill 1963, lit' was lilt + bat ktip pilot fiw Gemini X| and the ]tlllal inoduh"

pih_l Ibr Apollo _. I h' resigned liom NASA and the Air Force (active duty) ill September 1969, when lit' lit'_ame
ext't Hli'¢e s_'(telal _, +.it the Nat|trail Acronaulit s and Space (:ouncil. He jt>ine<l Iht' Atomit Entre,n. (:ore|hiss|on ill

1973 :alRt I)t'+.illll<.' |hair let tilt' Nuclear Regulalol T Cotnmission ill 1974. Anders was italIwd t].S. +unbassadot Io

Nolx_a'+ in 1t.+76. l.atel, he x_olkt'd as a vice i>rt'sidcttt of (h.netal El|st tlic and then as seifi_+r t.xt.t uli'¢e vitc presi-

dcnl _iI uperatitms lot l'extlon, lnt. lie retired as chiel _ <.xctutixe ollket ol (,cnetal l)vnamics ill 1993, but

_emaint'd |hair it! the board. Scc "Andets. W.A.," bio_,t allhical file, NASA tlistorical RefeH.'nct' C_dh't titre.

Norman C. Appold ( 1917- ) was bot'n in DclH+it, Michigan, on April ?,, 1917. Ih' attended \:a[F, arais<_ Uni'+'t._silv

and ._ aduated +_ilh a masli'r's lh'glt'e ill chetnical ei+¢ineerinlg liiml lilt' L!niversity td P',lichigan. Fi-om mid-1942

It+ St+ptetIll)ct 1941. lit" lh'w B-24s ill combat. In 1947. altc_ g_aduating with a ttlaslt+r's degret' in at'rovulutit'al

eng, illt'erillg Iroln tilt' (:alitu_nia Institltte of Technohihm + ((:ahe¢h), lie worked tier lilt' I.!.S. ,,\it FOlle specializ-

ing in aerottaulic:tl and :lit| ralt plopulsitm. /',pll.td served as chic[ of spet ial pt'_!iects to1 the deput', c_+mman-

de|, weapons systenls, at the Air Rt'search and [)evelopntent (:ore|hand's headqttartcts tlom 1956 to 1957. See

"'Appold, Col. N.(L," biographical tilt', NASA ltistorical Re[t'lellce Collection.

Nell A. Armstrong ( 19:+0- ) was the Ills| Anlelicatl to set Ic_ot (ill the Mootl tln lul', 20. 1969, He had bet<row

an astH,naut it| 196_, ahet haxiHg se_ xed as :t test pilol with both tilt' NAt :'\ (197>5-5_) and NASA (1958-G2). I h"

lh'x+ :In tonumt,,d pih,_ <,tl (;etllilli \'Ill in March 1966 and (o]nmander <el Al+ollo II in .l,ly 1969. l)tltill'_

1970-71. he wan depttt) assot ialc adlniHislnal_H [Of the Otlit eol .\dvanlt ed Research and Tt'( htlolohry at NASA

[h'adquarltqs. In 1971, he lelt NASA to bet_>nw a proless,w <fl acre+spate cnginet'ring ;It the Universil+', _+l+

Cincinnati and to undertake pl'i',r:-tte consulting, tie also ser,.t'd ;is vile ¢'h:dt of the Presidential ( ;otmuission ,m

file Space Shutde (:haUe,_e_ At cident in 1986. See Neil A. ArmsUong. et _d.. l"ir_t ,, the Mo,n: A l_,yt,_e with Neff

_r,mmng. MiHmel ( :olli,_ a,d Ed,,i, 1:. Ahlr,+,p: (Boston: IJule, Brown, 1970); Nell A. :\rmsl:,mg, et al. The I"ir_t

I,u,a_ l.andinLc 201h A,,iv_q:w,)' at "lidd h'_"the A _tm,aut_, Neil Arm_tm,/L Fdwin Aldri,, MiHmel Colli,_ [Washinglon,

l)C: NASA El' 73, 19_9).

J. Leland At'wood (19<)4-199t!) was the t)resMent and |hie! cxetulive oltice_ ,_t Rockwell Into|nat|treat

(:olpotation. I h" began wock as an ae_tmatttical design engineel lil_ the l)oltglas Airl tall (:<_tpo_ation ill 1930

and moved l,+ North Anleri(-an Aviali,m in 193,1. lit +bct anle ;,_ssistant getwt-al nlanagcq in IU3S and was llalued

Nt+lth Alllt.litiitt's t]lSt \it(' I>lt'sidcnt in 19,tl. tit +Ix+came pcesident in 1948, g,aillillg the title ol _hic[ exct ttti','e

oltiler in 1960, Illen chill|nan t>[ the ttmqmn) t',+,o years latel; hc served until t971), ,,,.him lit' retired+ Ill 19[_9,

hc was awarded N.ASA's Publit Service Award, the hig, hcst honor hw a nongovctntncntal enlph+yee. See "'].l..

Atwood," I:,iographic;tl lilt', NASA historical Retk_rence Collection; Ass_.iatetl F'ress :.utich', "Ex-R,_+ck+,,vell (:EO

Atwood Dies at 9,1," Sllnday, M_irch 7. 1999.

Robert E. ("Gene") Ausdn (197,9- ) was Ihe X-33 program manager assigned Io NASA's Marshall Space Flight

(:elltel, Be[Olt' I)t'illg selet+ted to lhis posilit_n ill |t_ltt{_, he headed up tile Advallt ed "]:et'hllolo_' Te_lm f_)t three

,,ears. In th{it rolc, lit" ",_as part <d NASA's "At cess to Spate" study. I'rior to thai, hc servt'd sis the deput) director

ol the Ad,,anced Transp_Htation Technoh>gies Otticc at Mal'shall. He w_wked wilh seniol NASA mallagenlellt to

chan}4c existing p<dit its ttl pctnlil the innovative new "partllering" approach used with tilt' X-3_+I F, rogr;InL See

"(;one Attslin," Ilio_t:q_hit al lilt', Marshall's NASA 1 linlorit al Rctcrence Collel tion.
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James E. Beggs (19217-) served as NASA a(hni]listrat()v bctw(.eu.lul ?, lO, 1981, slnd Dec('nfl)er 4, 11.185, whorl

hi' Io()k _111 indetinite leave oF at)sence l)(,nding disposition <)t an in(Illtruest ti()m the .lust(co i)('pal+tln+'nt IOF

activities taking place prior to his tenlJr(" ;it NASA. This in(lit'lnl('llt w;ts 1;tier dismissed, and Ihe tF.S. Attorn+."v

(;eneral apologized t<) Beggs fi)r any +'nlllarrassn_t'nt, His vcsigulati,)N fi.m NASA was cfliwti',e on Februalv 25,

l.(.)Fqi. Prior to serving sit NASA, Fie had be(ql +.'x('(luli_,{, "+i(e pt('si+h'l_t alld _t director {if (;eneFal l)vnamics

Corporation iul SI. l+ouis, Missouri. Previi)t]sly, he lmd n('r,+c(1 with NASA iul lgiiS-t;_! :is slsso(iate a(lmillislrat<)r

fi)r lit(' ()ffice of Advatwed Research and rI'e('hn(doK_. Fi()m 1969 t<) 1973, ho _;ts under secrctap,' at the

l)ol);li'ttll('lll <lfTiHIISpol'tstli(in. He wt'ilt Ill Siilllill;t (]{)FI)()l'Hli()ll ill IA)++ ,\Ill, i'll"4, (_tli|i)llli,I, aS Illalt_tgii_g dil'ec-

tor (it operations and j()ined (;c]leral I)vnmnics ill .1;Imuuv 11.17 t. Bcli)rc j()inin!4 NASA, Bcggs had been with

Westinghouse ElectFic (:Orllt)lation in Shm(m, P('mlsvl',ania, and B;dlimor('. _l.lHl-.)}_HI(I+ 1Of thirteen years. A 11.).t7

graduate of the I!.S. Naxal A(_demy, iw st'rved with the Na,. 3 tmtil 1954. IH 11.155, he rec('iv+'d a ni+Islei's degree

tiom the Harvard (;r+t(luate School of t+)tisiness Admitiistlstti(m. Set' "Beggs,Jam(.s E.," Axhninistrat<)r files, NASA

|tislori(al Refi'rencc (:olle(tion.

Rudi Beichel ( 1913- ) was assigned to, lt+sl th(. A 4/V-_ tmt),)pump and its hydros.('n-peroxide |:,ow,:'r supply

s_.slem +h_ring world Wm I]. hmnedi_tt(.]?. att+'t lhc ",s'_tl, liu ca]He v, ith W('rNheF ','ol_ Braun st(Ill ] ]7 other sl)('-
cialists to the United Slatl.'s. Pit'It')r(" tieing ti;.tilsf¢,lT(+(I to Ih(' R('dsll)lt+, ,&]sen:d, lie assisted tile U.S. Army at the

White Sands Proving (;rt:)ttn+l. Alivv leavit+14 till + vml l++tatlH i+,+;tlti, hc j.)in('d the Aerojel (:orporaii<m in

Sa('ramet+lo, Californi_t. Whil< + there, hc I)ecait++' st leailiug specialist tbt liquid propellat+l systems. In 1997, he

fk)tmded Beichel Tel l-m(-)h)gi(,s, International, which applies lo('k('t tel tit+ologic,+ to other world problems in lh("

areas ol coml)l_sti<)n and power gcileration. Though tt'lilud t_ow, ill' is still a consultant for Aer0jel. Sot. "Rudi

l))eichel, '" t>i()gral)hicitl su)nmai T` Marshall's NASA ]listotkal R<+qk!v+.'n('t' Collection.

Roger M. Boisjoly (1939- ) worked as _tl+ engineer fi)v Morton Thi<)kol, hw., the maker of lhe solid rockel

b<)osters fi)r the Spa('e Shttttle. 1 le war(led <da l)<)ssib]( • probleln v:illt lilt' ()-rings bt'fi)re tlt( +Challe,+qr,mr;(c('ident.

H(' llt'(allle iHv<)l','ed with st'xeral lawsuits related I() lhis ilwid('nl. St't. "l+,,)isj()ly, Roger," lliogi+H)hical fih', NASA
llisl(>ri('al ReI,,'i'+')i('(, C<)ll+'+tioll.

Philip Bono (11`121-191`)'.'I) \+as :t disli)+guished a('r()sp;l(c design engineer. It(' _r_s the ilivestigator of n()vel

vet)sable launch svstt.ms (halt ('mix)died the priiwiph' ot vcrtical I_tkt'()t] ;|111t landing exarlii]ied lit the McD()]inell

l)<)tlglas (:orp()rati()n in th(' I(.)(i(+)s. A htlh'r expl;m;(ti<))+ <if his ideas allp('ars it+ his and K.W+ (;atland's b<)<)k

I')oP+tier+ +![,STm+e (I,()]/d()n: t+,lanfi)rd Press; New _))k: Maicmillan l)ulllishiiig (',o., 1969}. See "B()no. Philip," bio-

gvaphital lih', NASA ttistori('al Reterence (:()llccti()+l.

Frank Borman ( 1(.)2_- ) was the (ommandcr (if th(" 1)ecemll('t 1(`,)fib Al)olh) 8 cir('mnhmar flight. He had Iit'e)+

( h()s(:]_ as ;t NASA astro]mut in the ('ark' 19(i0s _md h_d l)e+'n on tlt(' (;+'mini VII missi<)n in 1(.165. After h'axing

lh+' astronaut co]ps, hi' l)ecanle prt'sidet+t <)f Eastern Airlines. See Andrew (:]laikt'n. A Man .n the ++lmm: The

V<9"a,_e_ .lit: Apollo ,4str.i+_tuts (New York: \"ikintr L 11.1941; FraNk l+,<)rm;in, wilh Robert J. Serling, Countdow.: A.

/l ulobit)s,)WdO: (New York: William Morr<)w, 1(.)blS).

KarelJ. Bossart (1904-1(.)75) was ,_| pro-World War I1 immigranl til)m Belgium, wh<) was involved early on in tit+"

d+'velopi_lt.llt (d r()cket t('( hnoh)t,m' +_ith (_Oll't.ri+lil (;.rl)Ot:)tiol+. In the 1950s. hc was largely ]-esl)onsii)le fi)r the

design ol the Atlas ICI),M l)<)osler with st rut', thitl, ii_tert_al b. llr(-sst_ri]+,(l fits(.l;L_ +, instead of massive slruts aH+l it

thi(k metal skin. See Richard E+ Martin, ?'tie Atla_ and Ce.tau) "Steel thdloo." "l?t_d+(: ,.1 I+eKa+3 o/ Ka)el Bossarl (San

l)ieg(): (;eilclal l)v_amics (:(lip., I!)_q!)); R()l)(:'rt I_ Per(T,. "The Alias. Thor, Titan, ;tnd Minutenlml," in E_g+'n(.

_'1. EiniiR', ed., <l /lislm_, re/ /bJ_kd 7i','h,,udo_,",, (1)elroil: "_Va'¢lie St,(l(' {'llivc'rsit; l)i+,ss, 1964), pp. l,i.</-55;.]t)hn 11.

Slollp, l_quid l(wh_Jge.._ a 15opuL_io. I')u4, 1745- I q59 (Washi_lgloN, [)( :: NASA SI' 140,I, 1(.)78), pp. 1771-77.
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Darrell R. Branscome ( 1944- ) began his t all'v| iu lt, Rili at NASA's l,angley Research CenleC. tte started as a

ypate teclllllllOgi:_t IIC['OI'C Yecvillg ay inallag('] 1)[ a(l'vanced Cllt_illeCl'illg yyytenly anal'¢yiy all(| econollli( Yllldil'N,

Ill 1973, he moved to tile Managenlenl l)evelopment Program at Headquartecy, also yerving ay a technical assis-

tant in lilt" M+anned Space "I'edlnology Pvtlglam Office and as acting program nlanager of tile Space 'l_'chnolog_'

Shuttle I'a_hlads I'rograln. lie ieturned to l,angley in 1974 ay technical pct>ject nlanagec responsible t_lt ,+yylemy

engineeril;g suppt)rt tbc ypa(l't rati yx,slclny and ypace technolog, T exl)evinlenls. Ill 197:'>, he went back to NASA

I |t'adqua.rtel's to serve ay ytalt Ilil'el]loU t_ll" lilt" Stl|l((lnllllillee tin Space Sciellte al/d Applicationy, Ihluse ot

Repceselltatives (;Olnlnitlt'e oil Scietlt'e and lt'chnohlb,Q:. 1[i 1t,}8_7+BI'aIISC(IIIIC IICCaII/C special aysislant ttl Ihe asyo-

tiate adminiytraloc for the Ottice o| Sllace Flight. lie also served as NASA deputy co-dilector t}f lilt" joint NASA-

DOI) National Spate Tl"ansportation and Suppocl Study. Ducing l,qgi_-b_7, he '.+,'its director of special progranly,

()ltice ot Space Flight, as well as NASA co-direclor ill till' National Space "l]anYllortalion and Support Slut['¢ and

lhe NASA Mixed Fleel Study. l [e then llet alne director of lilt+ Ad',anlvd |'Itlgtaln Devehqmlent Diviyion ill tilt'

()t|ice t_l Space Flight. l)ttci'u_ 10t, ll-t,+2, he I_ay technical ayyiymnl to the ayyot iatt' adnliniylvatov lot lilt' ()ltitt:

.t Spacc Flight and thee| deputy aysociate athniniytrator tol Ihat office (management). tte tinally lelllllled Ill

I+anRIt'x at|el Ilehl R nalned t hi<+'| t.n_,itlect, Ih' Italy let'l'ived the NASA Exceptional Secvice Medal and st.veval

gloup and special achiext'nlcnt in, aids. Scc "l_tanytome, l)attell R.," Iliogcallhical tilt +, NASA ]tiYlolkall

Rt'ti'vmlt I" (]ollection.

Wernher yon Braun ( lgl 2-1977) was tilt' leadec ot what has been called the "locket team, `+which had developed

Ihe t;elman V-9 ballislic nliyyile ducing V+'olld \'+'ill 11. At lilt' conchlsilm ol tilt + wal, ",'oll I+,ralln and s<mle of hiy

thief asyiytants--ay pal| lit" a rail|tar',' operation called Project Papecclip----canle to Ainerita and were installed at

F_JII Billy ill El Paso, "l>xay, to "+t.r()lk till cocket ilevt'lt+pnlelit and use lilt + \'-2 tor high-all|tilde rt'sealt h. They uyed

]atilt| h tLtcilities ill lilt' Ileal+be+ ' \ghite Salltly Pll)'+illg (,lOlllld ill New Mexic(I. Ill l,qSl), vt)n BlaUll'S Icalll lltlP.t'd

Ill lilt" tedslolle Alsellal ileal Ilunlsxille, Alahallla, Io cllncenltalc oil tile develolmtent ota new tniyyile t_ll lilt'

+\vms'. Tiles |mill lilt' Arms'y Jupiter Ilatliytic Iniysile and he|tile Ihal lilt' I_,edytone, uyed by NASA to launch lilt'

lhyt Mtqctnv t apsules+ Ev_.nlluallv. tilt" [calll llt+canle pact of NASA and deveh+ped the powerful Saturn lockets+

and yon Bcaun llecame dit't'clol i_t NASA'y Mavyha]l Space Flight (;entec. File ytoly ot v_m |+,faun and tilt' "lock-

t't lealll'" |lily bt+ell mid nlanx lilney. See Da;id H. DeVovkin, %+iet+++"1'+,711+a D,_+g+eallr+': 11o7+_the 31ilitat 7 (;le+tt+'d the

_:g ,Sp+++e ,+_+iem*+ Ariel Wodd'|t}ll 11 (Nt'w YtJtk: SpliHgt'r-X,'elhtg, 1q92): Frederick 1. ()r<hxav II1 and Mit_ hcll R.

Shalpc. 17w l+_v+k+'t l+'++PPl(New "z_>ck: Thonlay Y. (:z_+well, l+:17_,!k Elik l+,vvRauyi, "ii+'rMlel t,+m I+:+++++P+(Wayhingtml.

t)t;: Nalicmal Space hlstitute, 1976).

Harold Brown ( lt.J_27- ) wlts dill| lilt" of defenye leyt?arch and engineeviu g all lilt" Pentagon |tonl 19i'll It) 1965

betoce becoming yet'letal _,+'o[ tile ,\it FOlt t" ]l'¢tlll II,¿(:l_l to 19119. Aller spending eight yealy its tile president ot

(;ahet h, he relultled to "_+'ityhingl_m to st'cxc ay lilt: +.,t't t+elacy of dcl'enye mldet Presidt'nl Jinun;' (;allt'l li'tllll 1_.}77

t_> It.)81. th" cullenll', wotks at the (_elltel IOl+ Stlatt'Rit and Intl.rnalional Studiey in \\'ayhitLR1<m. l).(:. See

"l+,_mvn, ! laltlld." |lioRlaphit al lilt', NASA 1Liylorical Relerent e (',.llct film.

Wilber M. Brucker +,1894-1_-+68) mr_s YCCI'CIaI'} O[ lilt' 2P_l'llly t)et'x_:eell 19-15 and It,t61. All at|orst"+', he had alyo held

_t lllllllt)Cl" II| illlpol'lallt _OVCl'lllllelll posit|sly, inc]tldillg goVt'lnOl ill Michigan (19:{0-5;_), prior t(I |lc(t)lllillg

yCClClal"+, l+1utkel had alyo yt't xt+d wilh lilt' AlIn _, ill _,'(+lId _3._al I. ,\flel Icavitlb_ ledecal yCl-'_ict ', i_lllt kel IcltlltlC(|

I.+ hiy law Ilia| titc in Dctl-Oil, St.|' Willialn (;avdncv |+.ell, ._;+'c_+'laH+:++4 ++?el +rod )ie++et+ll#+'+o/ the" Arm3u t+,llm+{+ _+:

Itiog'laphi*al,_ket*h+'* (_,'ashingl()ll, [){;: {_t'nlCl" <d Mi]itacy | |iyll>lX r, ] _,)8_2)+ p. 14(i; +\,'_, }bell l_me_, ()clobel 2t). [0(ig,

p. 41.

Zbigniew Brzezinsld I lt,12t_ - ) yet-red ay Iqesident (;attet's national yetucitv advisol hom 1q77 to ltlgl. See

"l+,__t.,,inyki, ZbigHiclv," IlioRlaphit al file, NASA Hiytorical Rete_ence (:ollet ti,m+

James H. Burnley IV (It++4S - ), with deglct'y horn Yah + and |lacvavd+ be_ ame an ayyot iate in the lhm Bmoky,

Pit.let', Mtl.endon, lhunllhrt'x &" l.e<mald ill 1973. ]"r_ml l_._7"l thl<mgh It+81, he was a partne_ with Turner,

Eno< h'++ l_'o+,tt'l, Spat rmv &" I_.m nh'x. lh' _,',elll Oli It) Ill' dhl'+ toy <_| vIsrI"A fOl a ',cal, thvn deputy att,iinmr _t'tlCl"

al l_',l lhe L)epaltmt'nl ot ]uytice liu all_>lht't +_t'al. Ill 19,q!+,. hc lle<alne _enclal ¢ounyel l_i the Dt+llaIImt'nt ol

+Iiailslu_itali<m. a lloyitiou hc hehl until 19S7, when he llt't am|' yt.clt'tal', <_f tvaIlSlloltaliml until 198tl. St',.' _,_71++i_

It.,_+++ill D++,'_#+++ IVNS-I _),++', iT+th cdititm, vol. I (\\'ihnt'ttc, II.: Mmqttiy \¥h_fs \'x'h_>, I<:_S¶I).
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Geo(_e H.w. Bush (1!124- ) sev, ed as the t0rt_,_first I.S. I'residet_t between lt)_(`) ;Iml 1993 and as Vi_e

])resid('nl tm(|('r Ronll](| Re;tgatl (l(,,)_]-,N(`)). l ]is c_ir('t+r |(eg;in ;flier high scho()1 when h(' etdislc(] in the Nii',,'v _Ind

wits a pilot <hu'ing World War II. During this time, hc was _)wmd('d tlt(' Di'_ling()ished FhiNg Cro>;s and thi¢ie Air

Mv(Ltls. F<)ll<)wing an unsuccessful bid fi)r a St'n_tle seat, he ',,.its ¢'Ic(t('d I() file U.S. I h(tts,., c)l Represenlati'.,es in

[9(:)6 li()tn Texas. In 1971, he was named U.S. imd(assltdor I_) ihc t !niled Nations. ] h" held that p((siti<)n until

I(`)73, when h(' becant(' c]udr (if the Reptil(lican N;tlion;(] (]ttmi'nittee. lit I(.)76, he was al)l)()inled director of lhe

(ientral Intelligence Agency. S('e "Biography ol (;ec)rgc l))u,sh, '' (;('otge l))ush l)resi(lential Library, Texas A&'M

Uni',ersily. C((llege Slaliovl, TX.

Howard W, Cannon (191 _- ) was ;I first lieutenant izt a ('x(nd)at Engineers trait at the _,l;u t of World War lI, lint

shortly sv, itched over to the Arm!.' Air C()rps. l)urin_ Ihe v,,itr, hi' x,,*ils sh()l <h)wH and spent |ort_,'-lbur diD's behind

ent'm,, lines, lit' rt'tirt'd Ir,.(m the Air F((r(:e its it roll|or getlt:t'al, havin_ flown ;dm((st every fighlcr i[t tlt(. Air Fore('

illvetttot_. (_illIllttlt 'WiIS lit+st elected to the SeliiiIu ;is it |)eltl()ctltt h()Itt Nex:t('l;t itl 1.t)38, :.;hortlv it[tel' the t'leali(tlt

(it NASA, _nd immediately Ire( ame inv(tlved with the space l)r()_ram. | h' pursued all aspects o| the re]ati(tnshilJ

bet;.veen aviation and natiotla] policy, tdtimittely slcpping itl fi)r lht' ailin_ Sen;it<it (:linl()n Anders((n, chair o|

the Seltate Aetoti;),tttical and Splice Scien( es Comndttee, t(t prc','ent the Space Shuttle tlortt being cmicelled. ] It'

;dso serxt'd its the rltnking Democrat on lilt! Setl;tte (|tim|fleet(. (',onl]nille(.. which (txe)se('s NASA. It) l!JTl, he

fete|red the Wrighl l))rolhers Memorild Tr()l(hv l()z outstanding servitc It) ['.S. aviation. He rc'ntained in the

St+n_tte until 1983, alter |)eitt_ delk'ulcd Ibr ret'lccti()n. See "C;inn())t, lh)w_ud W.,'" l(iogrltl)hk-al fih', NASA
Histori(;d R('Ik't('nce Collection.

Frank Carlucci ( 1930- ) was the niIli()n;d st'till|l,. _ldvi_;<)r t_)l I)t('sidenl Rt'a_;tn. I h" was appointed st'( retarv <if

dcik'nsc in Nc)veHtl(er 1987, a p<)sitic)n he h('H fi)r |i)tHte('n )))()nlhs. Afle) leltving tht+ Pentagon, hej((ined 'th('

(_ill']%]¢' (;FOtlp+ it _';l'_hitl_[()ll ittv('Mlllell! pilrln('rs]tip, its ')ice pvesid('nt ;tnd nlallaging dire( toe; lit' l;llel+ l)c(;mu"

ch:tiltn:itl. See "( ;urlti('ci, Fr:ulk (L," bi()_raphic:d []I(', NASA l list()ric;d R<'lereltce (_()lh't'li()n.

Jimmy Carter (1(.124 - ) was the Ihirtv-ninth [t.S. I)resid(.nl betw('('n 1!)77 and I(`.),_l. tit' graduated [rom tit(,

Nax:t] Atadetnv in l(.)4(i. After F;evell VeillS il_; il ll;t'_it] ()l]](('l, hi' returned I() Georgia. In I(`)62, hi' ettlered state

p, tliti(n in lh(' (,,.'orgi;i St;tie I.t'_isl;ittlrc, itn(:l eight +t';trs l;it('r, he was t.!Ic,ct*..<l _()verrlot oJ (;eorgia, a position hc

heltl thrill 1975 whcn It(" l)t'g;ut (';tmp:d_nitt_ l_)r the prenidt.n( 5. AItt't h'avitt_ tlt(" White I louse in I(`)NI, Carter

lettttn(+d t(;, (;COl+_i;i, whet(" in [!)N _) h(' l()llllded the ll(tllltro|it (_illl('l (_elil,,'l ill Atlanta to i)(omote pea('e lind

httntlm rights worldwi(h.. See "Ir_i<),d,rltphy oIJimnlv (]itrt(.'r." -Fllt' White l|ouse, 'V'):ashingt()n, I).(L

James Chamberlin ( l_.ll 5-1(.)81 ) was bttrl] in British (:()llutd)ia iiti(I held a('ro(ts namics engineering.jolts through-

out (',imlt(liL lie w_ts chief ol design |i)t Ihe (HO_.jt'tlitler and fl)l the (_FII)0 and (TI03 all-weather |]ght('rs at

AVR() (5an;|tilt. | Ie ptaved _ leading role in the design ()t the Merttir)' (;tpsule and w_ts i(r0ject manager tor the

(;('mitd SlmCC('rah , ttttt|er the (lirc( lioli <d the Spit('(" 'I]lsk (;rottp at NASA's l.angh", Rt'seltr(h Cenl('r. ! |t" ids((

h('ld Ihe t((tsiti()n ot dire('l(>r oI their Sl(:l('e ShHllh Sltl<b.. S_..e "(ih;tml)erlin, .I.A.," l(i()gr;Iphitltl tilt'. NASA

l Iistori('_d Rt'It'tcH( e ( ',ollt'ction.

Richard Cheney (t(.)4t - ) was I)otit in I+in(oht, Ncbrask_t, {in J;MN;u,, 50, 1()41, He altendcd Yah' Univcrsil'),

(:iiSl)CI C(>lh'gt', ;Hid the l_hiivcrsit)' ((f'_%'y(tlnil(g, earning B.A. (1(.)(75) lind M.A. (1(.)6(i) (lel4iees, In March l(.tSt.t,

he was itlll)<)hlted secretary (tt (h't('n_e under |)residcni Busll, ii t)osilion hc hchl until Januar,, 1993, hi O(tot)('z

1(.){),_, lit' b('¢_ln((' tilt' i)lesidenl itlld ('tiler exe('ulive o[t]('er t)t t}le ]]_ii]il(ttrtoll (;()ltli)ally ill Dallas, Texas. See
"(',henc),, I)i(k," I(i()gra[)hi('a] ill(', NASA ltislorical Reit!rt'iicc (;oll('(li()li.

Arlhur C. Clarke ( I!117- ) is ()lit' It| the ll(<)sl w('ll+klt()_li s( i('ll(t, fi('ti<))t _llll]tors. ] |e h_tn _lls() ht'ell _in eloqueltt

wt iter ((it I)('half <)| tll_' e_._t)lt)i_ili()n ot sp_l('(', lit l(.),t,'l, bcl()rc the hp, ellli<)il ()t the tllinsistoi, Clark(. Wiolt' ali arli-

(It,' hi l:'xt(_ll_rrwl('Ta/]_.,,/_,f'_; descrit)hit4 lhe possibility o|" t_e<)_),n(hl-<)n()ii_, orbil itii(l lh(' dcvcl(tpnll-nt of (onllliu-

ni(ati(tns iclli,,_ lly satellite, tie ;tls(t wrote several novels, the best kii((v, il t)eint4 2fJ0/: +'l ,_,7_a<e£)_)'._,_, based on a

_,(.i('(-iipl;ly o| Ihe _;_iilie iiiinie he prepared l()r Iiliii ¢lhe(Ior _iltlile), _til)litk. The nil)vie is still one of lhe illo_,l

r('alisiic (h'picii(tns ()t Ihe i'it4()rs (tt st);tcetlighi exci to be tilmv(l. See "( ',tit( k(', Arl|ilii ( ;.," I)io_r;iphical tilt', NASA
t [istori(';i] Re[{+r(,itt e ( ]ollection.
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WilliamJ. ("Bill") Clinton (L9415,--) hecante the forty-second U.S. President in 1993, a pt}sition he held for two

terms. While attending (;eorgctt+wn I-!niversi B. he interned tk}r Senator[. William Fulbright tfl Alka.ns_LS. After

grllduatmg ill 1968, he won a Rhodes Schohtrship, studying at Oxlbrd University for two years, tit- went on to

receive a law degree from Yale University in 1973 and [hel} rt+turned to his honle state of'Arkansas to teach law

at tile IJniversitv of Arkansas alld tit prel)are to enter politics. Clint<m was elected Arkansas attorney general in

1976 and then Went on tit ",+.'ill the governorship in 1978, bec_tnlitig the VOllFIgeSl [!.S+ governor at age thirB'-B_:o.

lie lost in his tr+.' for a serond term, hut he regainetI the _[]'ice later and served as g_tvernor until 1992, becom-

ing tile sec<md'person in Arkansas history to lie teeh'cted to a litlh gltt)ernatorial tt'rlll. See "Bi<)gral+hy of

William I. (]linton." The White House.

Aaron Cohen came to NASA in 1962 and played a ke) role in the Apollo lit.gram, where his etiitrt+s were criti-

cal to the success tffall six lunar landings. He later became manager tor the Space Shttttle orbiter, directing the

orbiter's design, development+ production+ and initial flight-testing, l)uring this period, he wtbrked at the

.1.hns.n Spate (:enter. ht 1986, lit' becatne Johnson's director, from which lie was called to Heattquarters :is act-

ing NASA depntv adminismttor in 1992. He then retired fiotn NASA m 1993. Cohen was edneated ill Texas A&'M

Lrniversitv, and &port his retirement on Atlgust 20, 11:)93, he became the Zathry professor t)t mechanical engi-

neering at his ahna mater. See "(klhen. Aaron," biographical file, NASA tlistorical Rellerence ('ollet lion.

Raymond S. Colladay (194%- ) was named _msociate administrator t_n the NASA Ottice _>1 Aeronautics and

Space Technt>htg',' on June 14. 1985, after having served as the depttty ass_ciate administratttr since April 1982.

lit" is a graduate ot Michigan State University and began his career at NASA's l.ewis Research Center in 19ti9 as

a research engineer li>l space propulsion, tie ]las written tnl>te than twenty NASA techuical reports and arlit les

relating to aeronautical researrh. In 1988. he left NASA to direct the 1)eli'nse Advanced Research Pr_!jects

Agency. lodav, he is the vice president tit advancetl technolt)g_ fi_r Martin M;uit'tta, an aerospace and detcnse

ctmtracling firm. See "(_olladav, Putvmond S.," lliogral}hical tilt'. NASA I listorical Reti:rence (',(llleeti(m.

Eugene E. Covert was an ;tel<_space engineer and protessor of aetollatltit s alld ;tsllollatttit's at MIT beginnillg in

19_'12. tie also served as the Air F.Ice's chief scientist, on a number ot 1]lestigi_ms national science advisor).

hoards, and on the Rogers ('.ommission investigating the Spate Shutth" (Jhalle_+l,_eraccident. See "Covert, Eugene

E.,'" bi<_graphMtl tilt', NASA I listorical Reterence (_ollection.

Lanrenee C. Cralgie (1902-1994), was a career Air Forte otticer and the tirst U.S. militaITjet pihtt in 1942 when

lit' flc',s the Bell XP-.r}9. A graduate of' the U.S, Military Acadelny :It V+'est Point, in 1923, he joined the Army All

(?<,rps and |lt't atne it pilot. Dttring _.'X2_rld War 11, lit" served in a ,.alit'ty ot weap<ms devehtpntent ptoglams, as

well as m a t ombat role in North Africa and Corsica. After the way, lit' directed the Air Ftttce's resealch and devel-

optnent programs, set vmg as deputy chief of slat| for th"¢elolmlent ( 195 I-5"11 and t onlm;ttlder _t Ihe Allied Air

Force in Southern ElU_+pe bet<he his retirelnent ti;lhtwing a heart attack in 1955. See "I+ieut. (;en. I,am-ence

(haigie, 92: First Militate} Jet Pih>t tor tilt' L+.S.+" ,\'t3tl )_l+h T/t,+++%_vlart h 1, 11194+

Robert L. Crippen ( lt.t37 - I was selected as an astronattt filr the Manned Orl_iting l.aboratory pr_>gram m 1966

autd transferred t_> the NASA astronaut program in l':lli9, lit' commanded the Skvlab Medical Experiments

Ahitude Test and was part ot the sttpport crew |br the Skvlab 2, 3, and 4 missions and Ihe Ap<_llo-S<_yuz Tesl

l_tt_jel t. tie piloted STS-I, the first orbital tlight test of the shttltle Colul, i,tbm, in April 1981. F¢_llowing retirentenl

h-ore the astroulaut corps, lit' served as the deputy director _tl the Flight Clew ()peratit,ns Dilet tot ate at Jo[mson

,%pace (]filter antl then deput?, director ol+ NSTS Operalimls at NAS:\ I h'a(Itluat ters, stationed ;it Kennedy Spat t'

{2,ntet. lit" selved :is ditt't tol _>i [+_elllIedy I}+OTII 199'2 > to 199]'>. See "(:Ill}pen. Robelt l_," lli+)graphMd lih', NASA

I listorit al Retelence (2_ltet tiot+.

John W. ('+Gus") Crowley, Jr. ( 1899-]974),jt_ined the l+angh+_/X+ertmaHlit al [+abl,ral<>_ 3' in 1921 at|el earilillg his

tllechatlit'al e[igineelillg degree ti+oln MIT the vear helttre, lie Iit't alile head o| Ihe rest'alcl"t d,t'palllll<'iit at

l.anglev in 19.13 and Iht'n tlansterred to the NA(;A's W<_shingmn headqt_arlers in 194._ to t>et _mlt' at ling ditt'_-

tor ot research there, tte asstnned the post tffassot late director tot lesealch in 19.15. and when NASA tepl:tt ed

the NA(k_\, he beeante director of aeronaulical and space research. He retired in 19.r_9. See '_John W. Crowlev,

.It-.." hitN_allhMd fih', NASA l listotital Reti'rence (:ollection.
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Philip E. Culbertson (1925- ) served the American spacr ,t.xphmtlim/ progrant tbf rwentx-two year% in high-

level technical and policy positions. 1 le was appointed Io tilt' position ot asstwiate adminislrator t_:'r NASA's

()ftice of Policy and Planning in January 1987. where he rcmaim'd until his rt'tirenwllt in January 1988. After

his retirement, he became president of the Lew Evans Foundation. See "(hflbcrtson, Philip E.." biographical tile,

NASA Historical Re[erence (kdlection.

Robert Cutler (1895-1974) _rl_S admined Io the Massachust'tls bar in 1':)22 and became an associate vAtil the

Boston th'm of tlerrick, Snlith, Donald & Farley, becoming parmtw m 1928. In 1946, he became president and

diteclof o[ the Old Colony Trust (_oml)any, cventualty I:'ecoming, its chairman tor the next several years. He sep.'ed

as specb.t] assistant 1(it NalMnal Secuzilv Aftaixs Ibl lhesident Eisenh<_wcf and latvt chair of lhe Natitmal Security

(]l:'ullti] ]qanning Board (]953-55 and 1957-58). From 1960 Io 1962, he served ;is special a:.;sistant It:' the secrc-

tarv M lhe U.S. Trcasmw. Scc ID'w I'+a* '4'h. in _mrti_a 197+I-1976, xol. (i (Chit ago: Marquis Who's Who, ]976).

0

Richard Darman ( 1943- ) served as a th'puty assistanl m lhesidcnt Rcagan and deputy to tin" chief ot stall. He

alsc_ served as the dirertm ol tlm ()llice o[ Managcmt't'H and [_,ttdg,,+l l])n lht' Bunh atdlninistratioul, lie' fecei-+,'cd a

master's m Imsi+wss administralion froth I tarvatd Univcrsil,, ill 1967. Set' "l)arman, Rit hard," hiographical file,

NASA I [istorical Rctefence (;ollcclion.

Edward E. David, Jr. ( Iq25- ), served as scicnct' advisor no+lht'sidcnt Richard M. Nixon in 1970 and then as

director ot tilt' ()tticc ot Science and '['et hnmlog2,. P+evi_nnsly, hc had sen,,ed bctwcen 1950 and 19711 as exectutivt'

dircctor _I u't'scarch at Bt'II Tehq:'hont: La1:'oralorics. l+'or a distttssion ol thc President's Science Advisor'+'

(:c, tnuniltcc, set + (+tcgg ] Ienkt'n. (;¢tldin_ll ('hllilt's." ,S'tienle Advi+e to the Pnt%ide'nt [P+.. Ilit+:'+hi:':'ltl 1o Sill (New '_)rk:

()xfi>rd Universil} Press, 1992).

LeRoy Day rt'ceived a bachclot's th'g+t'c html (;corgia "l'et h m avnmautical engine<'tit+g attd then a ttlaMt'r's

dcgree it+ industrial managcment liom MIT. lit +',vm kcd In ivll_, fi:'t lltt' Na'o,' on missile tle;.eh)pntent in tile eatIv

1':tli0s and lht't] joincd NASA in the (;emini Pfogram O11it c in 1962. Allot l:'t'ing +tclitlg deput'v directttr of the

(;t'tnitli tt:ogram, he ttecamc all+color ot tht' Apollo tcst pn(++Xran+. S¢'e "l)a). l.t'Rm'," tfiogratthital tile, NASA

t lislorical Retiwet]t c ( ;olleclion.

Kurt H. Debus (1908-1983) t'atnt'd a B.S. in mt't hanical engineering (1933) and then an M,S. (1935) and l'h.l).

(lg',!;U) in eh't tri(al t.nginct'ring, all h(:'m tht' Tt'chnical Uuli,.t'tnitx c>ll)atrnstadl in (;t'rrnany+ lle betamc an assis-

lant l:'r()l_,'ssof at the university allef lt'tt'ixillg hi_, dt'glt't', l)tnrillg lhc tOtllSe Ill D,ofld _'_'itt It, he became an

experimental Cl:'gilleCf at tht' A-4 (V-2) lesl st,tnd at Pcenemiit+d<" (sct' _,Vt'rntht+r ',,on l_.taun above), rising It:.

l)econlt' StUl)efintcndenl {d tlm If'st stand and test l]rillg stand lot thc locket, ht 1945. lit" came to tilt+ United

States with a gumup of engiltt'ers ;tnd stit'ntists headt'd hx ,,'_m l_,laun. From 1943 to 195(), lilt+ group worked at

Fml Bliss, "lk'×as. and then moved to lhe Redslone Arsenal in I Iuntsville. Alabama. Front 19:'+2 to 19t50, l)ebus

was thiel oi Ihe nfissilt'-tiringlabcnalor} o[ thc Airm Ballintit Missile Agcnc } (ABMAL In this p<_sition, he wits

lot alt'd at Cairo (]anavctal, Florida, where hc supcr'dscd tim launt hing ot the firsl ballistic missile tired tf<ml

lhuFc, an Army Redsl_mt'. "_Vhen the ABMA became part ot NASA, I)t'lms tontinucd to supcrvise missilc and

spat t' vt.hit h" latLnchinlgs, titsl its dircctor of the I,aunch ()lteralimts (]enler and tht'n of Kennedy Space (]enter

as it was uenamed in Dect'ntber 19(,3, tit + uctirt'd trom thai p_sition in 1974. Scc +'Kurt tl. Dcbus, +' biographical

tilt., NASA ltistorical Reterent e (]ollc(tion,

John Deutch (1938-) served its deptLIV set retary of detmp+e (19%t-95) and then its direct<_r ot the Ctmtral

lntclligt'm e ..\gent y (1995-!17). 1 It + recci++ed a Ph.l). hmn MIf atnd als,) SCF',cd its lhat s(hllol's th+all o[ st'iellt e

and itr+_v_+st. See "l)etutch, lohn M.," hiograpttit al file, N:\SA tlistorit al Reterenct' (]+:'llccli<m.

Thomas E Dixon (191(_-199s) was al)p<fintt'd dt+puly assot iatc adnninist+atm ol NASA, in charge M tlte planning

alld contslrut'tioul ot space vvhicles and test'aftil programs. I It" held this position Iron+ l,ql_luntil 196_'_. He was

sch<_oled at Vanderl:'ih l.Tni_ctnit_ and tcccived his tnastef's rh'glee in chelnical cnginecu'in R ['t,tmt Ihe University

_1 MichiRan in 194_L its wt'll as at tnasler's m aer<maulical cngim'c_ mg llmn Cahech in 1945. 1,aler positions

int luded presidcnt and t hai_man _1 flw board t+t Airtronit s, Int., and p+csidt'tn MTtdt'dvne McCormit k/Selplt.

1[e was attiliatt'd s:ilh Ihc (h)llegc of William and Mar', at the tirol' oi his death. St'c '"I'h<)mas E Dixon," hio-

g+aphical tilt', NASA I tisl_rical Rctbtmtt c (kdlt't lion.

641



Elizabeth H. Dole (193(_ ) was admitted to the D.C. bar ill 19fi6 and practiced law ill Washington honl 19G7

(o 1968 helbre hecuming associate direclor o! legislative atl_tirn and lhen t`x<+l'lllive dire<t.I el the Presidem's

(:ommillt`c I(H (:()ttsum('f hHert`,;ls until 1971. SIlt" was deputy director of lht` ()t]ht` td Cotlsulnt't Aflaif_, ill the

White 1 louse |or tilt' next two yt`ars hi`lOll becoming commissiotier of tilt' F<+defal Trade (:ommission from 1973

to 1979. She held valious olh<+r govel'nlll<+tlI ilud )ttblic st`rvice positions hetore hi`coming lht_ );,<+Cl'<+|ilfv of IiallS-

porlation, lilt" thsl woman to hold thai l)osilitm, |_n the Reagan adlninislration (19S3-;q7), 'l_,vo yt'arm laid'f, _he

hecamt" meeteta|?, o1 labor lot the Bush adnlinistration, l<.axh_g that ptMliun in 1990. The following +.eal, silt'

becanle pfesM<+nt uf tilt+ Alnel+itau Red Cross until silt' rt`signcd in 19,tI`tl, Set+ I_,?I+Fs L_,?+o,'. Amerila 1992 1993.

+t7lh <+dition. xol. I (New Providence. N]: Marquis Who's Who. 1993)+

CharlesJ. Donlan served as X.A.SA's deputy associate athninisttatt. (tt`chnit all ft. the Office el Manm.d Silace

Flight ill tilt" late 1960s and <+arl'+ 1,tt711s and lmrlicipal<+d in Spate ._htlllh' planning. 5;t`,: '+,';pat c Shill|It` (196+1-72)

(:luu h'm Donlan," lilt +, NANA I lislorit al Rt`ti+ren¢ e (:ollectit)n.

Walter R. Dornherger (l,_95-l,ttg0) WilS Wcrnhct ".'on Braun's miliulr:, _+ullerior during the (;t`rman tot kct de/t`l-

.lmWnl l.t_grmn <dW.rld War 11. I It' o',t'rsaw lht` eftort at I'eeuem_hHh. I. build lilt' x,'__, h>slering inlernal COm-

llllUlit'illioll itlld SllCCessftlllv itdvlK'iltillg lilt" ])rogvarll h) oflhials ill lilt' (;ermatl at'n|',:, lit' also a_,_,eml+It`d tilt"

It'am of highly lal<+nl<+d t`llgilleef_, Ulltlef vet Braun'++ direction _ttl+t provided lht; funding and stall (>rgilnilltli(lll

lie('<+sin;ll"_ to COlnph'le lilt' It't'htlolog3 pl+_t`ct. Alt<+r '_'x'<_tl<l+Vill II, Dofl]bet_<+l (;.tllle to tht` t:nitt:d Slalt`s and

assisted tilt" l'h'imftnlt'nt el l)elense with tilt' dcvt'loilnlt'nt el haIli',lit missih's, lit' also+ workcd Ibr the l+,<'ll

:\ill ralt (:tnnllall', l_)f several veal:.,, ht`lping dt`v<+lop hardwart` I_ l+l'C_Wt I BOMI, a rot ket-powert`d Sl)a_el>lanl,.

Set + _vVallt'r R. Doruht`tger, 1:2, trails. IW lames (:leugh and (;eol]ie', flail|day (New Yolk: Viking, 195_): (;erahl

I.. l_,orrot_tnan, +'Walt<+| R. l)cwtd)efgt"r," 51pate/light 23 (April 19NI ): I IN-Hi.

Hugh L. Dryden I8`tlg--lgl;,'r'+ Wits it (illet`l t i'+il servaHl altd all at`todxttaltlit |st h)din< iltlint, v+ho had also bvgltn

lilt' as st)methitlg ill a child plotligv. Ill! graduated ill +agt' I_llllt't'It IHml high sl It..l illld ;vent otl to t'aln all A.I].

ill Ihrt"e }rt`{lrm fronLlohns l Iopkins Univet:sit)' (1916). Three veals late|, he earnt`d his Pit.It. ill pl+_ysics and iltalh-

eulatits Iit>lll th<+ Sitlllt' illslillllil)ll, even Ihollgh lit' had lull-lime t`ml>h)ymeHt at |tile National [:_tllt`itll of

Slam<lards +hl_'t` It.t|` 11.118. t Its <'art't'r there, which lasted until 1947. was dt`',oted to studying, airflow, Iitrlltdem e,

and paftictdarlv tilt' lnol>lems el the botmdar,, laver--tht` thin layer ofai_ tlexl to an aitt_fil thai c_tuse', drag. In

1921L he became lhieftd lhe blll'eilll'S t`ll)d}ll l_ttiis s<+c o I l I s w k I lhc 1920s un m<+asuring turl)ult`nce in

wind tunnel'+ facilitated l<+y,t`illCh wilhin lilt' NACA that pf_MHtt`d the laminar flow Willgs used in tilt' P-51

Muslaug and iilht'r Wt_lhl ',Va_ II ailctafl. From tile mid-l,tl21ls to 1947, his pltlllicalitmm hecatn<+ <+ss<+ntial read-

ing h_r at`fudxnanfi(ists ;tt_>ituutl lht` world, l)urillg World Wm II, his xsoik <m a glide bomll named tht` l',al won

him a Prt`sidetttial (:erlilitalt' o[ Merit. lle capped his (+ateer at lht` l_,llFt'atl <)f _landm'ds hv bt`cotvting its assis-

lavlt ¢liit't'h+l all|-| lilt'It ;iNset'late difect_+f dluing his final two )ear,, lilt`if, l It' lht'll serx'l.¢| +is <life< t<)_ el the NAt :&

ltom l.tl-17 It) 19."+_g, ;lllel which he ]let+am<+ deputy admini+,tHtol <d NA,";A trod<if T. Kt"ilh (;tell||+lit i..l la.tt`s l,:.

W<+bh. S<+c Richard K. Smith, 771e llugh L+ l)rydev l'aprt:s+ IA%',h' 1065 Bahinlort`, Nil): Tht`.loh,l+ llol+kins

['ui,,elsit) Librar}, 197.I).

E

A.J. Eggers, Jr. ( 1922- ). wofkt`d for NASA as tilt" deltHt', admit|stealer h+r advunced lest`arch aud technohtg:,

ht)m 1964 It) 1968, Prior I. that, he served as assistant dir<+ctttr el till' Anlt-s Rest`at(h (:t'lltt`r. In 1968. h<+ bt`(illUe

tilt. assislaHI athnitlisttal_t [i_t p.li(_..t NA,+';A, and in 1971, he h'h NASA till a |oh wilh lht" Nalio_al :';,<it'nce

lg_tuldalion. Eggrrs was lalt't I_atvl<+d director utlhe I'alu ,\11o Rest'a|| h l,all<)ral<)r,,' _t lht- l+ol kht`t`d ,",lissih.s and

,NIl ce (:.me u<+, in 19779 Nee "l.:ggefs Dr. Altrt"tl," hioglal)hit al tilt'. NANA I Ib, lofi_ ill Ret_'] t'nce ( :<dlt`(ti_m.

Dwight D. Eisenhower (1890-19691 was tht` thirt)-|oufth U.S. president bt'ltxet.ii 19__!+i altd I`tl61. Pfe_iously, hi'

hall Ileell il (lift`el I.T.S. ,,\flll_. ott]('t`l illld, (hlfillg We|hi Waf II, was Sll[)lellle allied (+Ollllnitl)(|el + ill tC:tlfo])e. :'L,,

president. It<+ was deeply int<+resled ill the use of Sl_aC<+I<+chnology t0r nail.hal ',ecuHl). purposes and dirt`cted

that hallb.tit missile.+ and reconnaissance satellites h<+developed on a crash basis. St`t` Rip Bulkeley, The ,_puh+ih_

(:ril/.', _nrl I'+'a;"('_' /'tiled Strtt+'_ Npate I'ofir_" (Bht<mmlgton. IN: Indiana Univt`rsity I'rc,+s, Hlgl); R. Cargill 1lall, "fht'

Eis<+nhower Administration and the Cold War: Framing AmeH{an .,Lstrtmauli,_s It) Sef_.e National Seturily+ +'

I¥olog,_w: ()uart*'r(3, O/ lJw Natiomd Ar_hive_ ')7 (Spring 199F)): 59-79; Robert A. l)ivitw. The ._'putnik Chalh'nA, e:
r

I'_i_+'ntl+m,_i_ ICe_pou_e to lhe .%viet Satellite (New Yolk: Oxtbrd Lniv<+rsitv 1 rt`ss, 1993L
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John C. Eward ( 191_}- ) was the assistaltt (|irt't t{)l ()| NASA's I+(,wis R('n('atch (:<'tltt'*' (J('naml'(t (;l('nn Rcscar('h

(:('lit('( in 1(.)!)9) ill lilt' caHv l!t60s, tit' r('c('i`.c(I hi', M.S. Iilml (:ahc( h ill 19,1ti. Ht' miginal{'(t silnph' m<'th(Ms t()

('xalual(' Ill(' h)a(I (lislrihllli_ms ()tl winffs and I() ('xlcn(I Ih(' tall_(' _)t _,Ul)('rs(mic j('ls. Se¢' "F:`.:var(I.]<lhu (: lilt.),"

hi(igral)hi(al fih'. NASA ltisl_)ri(al R('t_'_'cn(c C()lk'('li(m.

F

Max(me A. Faget (]9_]- ). an acl(mauli(al cnlgM('('+ ;',ilh ;I B,S, liom l,()_lisianla Slal{' l]niv('tnity ( l(J4B),.i(,in('(I

lilt" stall at l,ailgh'x' A('tonauti(+a] L;tll(lr_ll()i'`. ill 1(.)4(; atl(I s,)()ll It.el all}t' h('a(l ol Ill(' P('rt(wtnan(t' At'ro(l'.tla]Y,i(+s

l_,raH('h ()t lilt' Pil()tlt'_,s Ail( r;lti Rt's('ar(h l)i','isi()n. ['ht'l(', hi' (,)H(hll'l('(l t('s('ar('h (}tl lilt' Ill'at shi('](I (_t lh('

Mcl+¢ury _l)a(t'('rati. In I!l.r)N, h(' joint:(t NASA',+ Spa((' 'lie, k (',r<ml), li)H'tutln('r ot NASA'_, Mannc(t Si)a(t'('ratl

(2'111('1" thai Ill'cain(' Ih('.l<_lms(,n SI),;tc(: (]enle'r, all(l h(' h('(aI1H' itn ;lssisl;tlll (lircl t()r h)r ('nffint'erillg all(I (h'`.('l-

ill)lilt'lit ill I(.)l;_ _lll(t ];ttt'r its (lil('t I(ll. i [(' i (nlllihlll('(| lll;lll_ Ot lilt' ()tiL_illal (t('_;i_ll { ()ll('('l)l_', t(tl" P,(!i(.(tM(,, ( Ul),'%

ln_tllllt'tt sp{t(+('(l_lti ;111(I l)la,,{'(t a m_i{)r r()h' in (l('_,i_:dng _illHal]'_ ('_'i',' I t,N, (rt:wc(I Sl)a(('cra|l ',in('( + lhat lilt+t',

in(:luding tht' S|ta('t' Shutllc. lh" rctir('(I [rotll NASA hi lgNI anH hc(amt" all t'xc(t£ti',,t' ti)r Eagh' Engin('crilL_,

Ill(. Ill 1982, h(' was _)_1(+ ()tlht' ti)ull(h't _, ()f SI)a(c hl(htsl_it's, hi(., atl(l hi'tame (Is i)r('si(h'm and (:hiclt'x('(liliv("

ot]i('cl, St'(' "Maxim(" .\. Fag('l," hi_)gral)hi(al tik'. NASA t li_,_()ri(al R('t('_ ('tit(' (:()]h'cti(.l.

Richard E FeT_man < 191N-I!ISN) _`.as a hHlliam, i(_>n()(lasl]t' ph_'si( is_ wh_) qmr('(I a N(}h('l Ih'iz(' M l!lti_') li)_ _()rk

ill qltantHm clect_+(}(tvHami('s. Ih + laltghl thc(w('li(al ithysi( ', at (:all('( h tr()m 1950 until his dt'ath. Fc:,nman l)a_:

li(ipal('(t ill I}lc ]%'[;lllhallall I)r(!i('(t _lll(| Wil:_ ;I lll('llll)('l l)t" tht" R_g('lS (:()nllllissi<m lll_ll inv('sligal('(I Ih{' Nl)a(+( '

Shin(h" Cl_all_'_A_+'r a(ci(h'tll, Ih' wrote sc',('ral l)()ltttlar t-,()(}ks, in('lu(tit_g Ihv ht'st-st'lh'r ._,'l+_H_ }_.'_'].t_i_l¢ 3,D:

I,'_Tn_na_L St'(" '+F'(",mnatt, Ri(hat(t." hi()g_aphi(al tih', NASA Ftisl()ti('al Rt'Mcn(c (:(_lh'('li()ll.

Peter M. Elanig_ (l!)2B- ) w;t_. _lll assiM_lllt tit PH'sid('nt gix(m ti+<ml HI_;':) I() 197.1, Ih(",i<,t;sl_., hc had ht't'n

iiP, ol,,('H in in`.('slnl('ltl hmlkiug with l)ilhm, Rt'a(l+ and (:(). Ih" _('tur_l('(I t(I tlllSill('Ns wh('ll Ill' I('ti g()','crnint'llt st'r-

vi(('. I li_; i)()_iti_m ill Ill(' \Vhil(' I h)u_(' inv<)l','v(l him ill ('tlhrt_, I_) gain al)l)r()',;_] I() hlfihl Ill(" Spa('(' Nhtlttl(' (Im'ing lilt'

19li!1-72 I>t'rk)(I. S('(' "Mis(('llalll'()lts ()th('r ,.\Kt.llt ies." hi()g_al)hi('al tilt', NASA Itistori(al Rcl_'t'(:t)cc (:ollu(/tiOll.

J_-mes C. Belcher (191'0-1!191) rt't ci'.('(l au illl(l('l-gr;t(hl_lt(" (t('gl('(" ill llh`.'si(s horn ( '.()hlYlllti;I [TItiV('l'!.;il_ ;In(| _t (ll)(-

t(}l'_llt' ill t)hysi(s t]<lztl Cahc('h. AIh+r h()l(lin_, r('Nl'_trt h {lll(t I('a('hizlg i)<)siti{)ns at 1 laP, ar(l mill I)Hn('cl(tH Uni`.'t'rsiti('s.

h(, .i,)i,,t.(t I lllLTh('s Ailtrat] in 194F_ ;tll(l lat('r ',,:(}rkc(l at th(' (;ui(h'(I Missih + r}i',risi{)n (}| l_tmo-V','_)ol(Irid_("

(:_)rl)<}rali<Ht, Ill I(.):ig. Fl<'lchcr ('o-t_}und('d Npa(c EIc(lr{mi(s (:()rl)(Wali{m i_l (;h'ntlal(', (:alitolllia, whi(h alit't a

ll](Tg('l t)t+(;Im(" Spa((' (;t'll('lal Ci)rl)orali(}n, th + wa', I_lt('l i_;1111('(I ._v:Mt'lllS vii(' i)_('_,i(h'nl ()t llw ,,\('r,)i('l (k'ut'HI

(:{)rl)(}ralh)tl in Nat t am('nt<). In 19ti,L h(' htTam(" prt',,i(h'tlt ()t+lh( ' U HivcP, iI',' ()t I :lah. a I)(,_;ilio_l h(' ht'M (mill h(' "w_ls

tlaln('(I NASA's a(hnitlistrat()r i_l 1!lTl, I h' s('t_.'c(t until 1!)77. th" als() sc't',('(I as NASA a(hllillistr;ll{)r a s('({)_l(I lilllP,

lot _i('al+l '. Ihret' ::('ars t_ll<}wing th(' I(),,s <)t Ih(' Sire('(" Shutlh" (:l_all_'n_'_ tr_)m I!INt; tlllli119_9. I)uring his th_l ;t(hni_l-

(sit;lilt)t; al NASA, l:h'lt Iw_ was t('Sl)<)nsihl(" fi)r I)('_itltfitlg Ih(" ,%htmh' ('tl<)tl, Ihu i_g his st'((m(! It'nut(', ht" I)r('si(l(_d

(_xcl lilt" ('t](_tl It) rt'(()vt'r liom Ill(' Cl_all+'_l_.e_a((i(h'm. St'(' R(_g('r 1). l.atulius. "A ',V('_,tt'rn M(.nl{)n in \Vashill_t<.l.

1).( :.: lanlt',_ (:. [:1('1( h('t: NASA, and lh( _ I:illal Fr{)micl:" l'a+i/i( Ili_l(.'/:a116"v_-_+, t;J, (Ma_, I!t(.I,%: _1 T--l l.

Roberl A. Frosch { I':)_'_- ) wa', NASA a(hmni,_trator Ihr(>lL_,h(_tlt th(' (:arl('r a(hllini,,Irali(m tlonl 1(.)77 h) 19gl. th'

('al (It'll tt_l(l('rp;ra(IHal(' al_(I ,_radllal(" {h'gr('('s ill th('<_|('li(al i)h,.si( "', at (:ohm_hia (l_liv('tsity, and trl)ln S('l)l('nlh('r

I_)_)l it) ,,\iiL_iP..i I!)IL_'L h(" w(n _('(I _l_ _1i'(':_{'_ll(h _('i{'llliNI lint{ (lil+C([I)l ot Il'_(';li( h l)l(_l;tlnN [i)r ] [ll(|:.;()n I.;t|){)r{ll()l+i(': -_

{It( :()hlllll)i;t ['lliv,Prsil`.'. [ _lllil l!):")B+ lit + `.Vi)l kt+([ oil 1)r()hl('ltl', in itl}(|('l'_,;ll('l :.il)lln(|, Si)ll;ir, ()<('anograph',', mari_lt'

gt+()h,,k",, au(I mar(n(' _('(>l)h?,'si(s. lht'rt'aht'L ht' was th'q ;tNsl:,('i;ll(' ;In(t th('H (lil('(l_)r _)t lilt' lah(_rat()li("_, hi

S(,t)t(.mh('r 19t;:_,, Yt_)_,(h (am(' 1() Washingt(.I t(> w()rk with tlw ,,\(Iwl_(c(t R('_('ar('h f)r()ie('ts A_t'n(_ ()t _1_('

l)(.l)artmt'llt ()1 Ill'trois('. st'tvi_l_ as (lift'( t(_t li)r nt_( I('a_ l_.'_.,t(h'l('(li(m (t',()it.t-t \:El+,&). atl(I fl_(m a_, ih'ltUl:_ (lir('t t(.

{_t Ihat ;l_('ll(',', hi.lull l'_ltiti, h(. bt't';inl(' ;l'_;iM_llll s('(Tt'l;n%/ o| lh(' Na`. T li)r r(+s('a_('h all(I (h"_ch)l)lnl'nt, r<'sl)()llsihh'

Ihr all Nav_. l)t<)L_laln,, {>r rc,,(.aH h, (h"_'('h)l)nlcnl, ('n_in(:('ring, le_t. mill ('v_lhl:llil)H. Fr,)nl lantlal_,: 1973 t() lul'., ]9"75.

I1(' _t'l+',,'c(I a'., ;l_,_;iMillll ('X('( Illi`.:(' (|ill!( I(11 ()t th(' [ Trill('(| N;tli()ll_; EiB'irtnnllt'nlal t'l'()_T_llllll}('+ Whih" al NASA, Frtls(h

was rt',_l)(m_,il)l(' fi_l (_vc[sc('in_ Ih(' c_)nlim_alio_l otth(" (h'v('h)l)m('ttl rllolt (m Ih(' Spat(' NhHIIh +. l)uring his l_'nHIt'.

Iht' I)t_!i('('t tHIdt'rw('HI I('Nlillg _t Ih(+ lir_l _)rhitcl', t:'_+t:_lnl_e, al N,-%S,+\'_ lh_(h'H Flight R.(',_('ar(h Fa(ililv in s_)t_lll('rn

(:alitornia. "l'llt + ()H)ilt'r tlla(h' it:+ lir_l tr('c flighl m Ihv allll<_l)h(T(' <)n AugtPq I_, 1977, th' h+ti NASA wilh Ill('

thall_c ()I ;tHmilli',trafi<m', in l_ulua_+ 19Nl t(_ 1)('t()mt + ,.'it',." l)rt'sid('m Ik)r rPs(+ar(h at (;_'_it'ral .'M(_t(tr_, R('s('ar('h

[,ah_)ratot i('+. _'t' "I:H),,< h, R<_l)('rl ,\.." A_Imini,,Irat+)r lilt'+, NASA I li_;tori(al Rt'l('r('ii( (' ( :_)lh'( ti_)]l+
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Craig L. Fuller ( 1951- ) worked fi)r a corl)olale puhlic atl_lir,s li]'m ill (;aliliHnia pri<)r l(ijllining the new admin-

istration ill 1981 as Plesillent Reagan's ass|stare Ibr cabinet atla.irs, arranging fi:+r N,_SA's space station proposal

to be discussed at a meeting of the Cahinet Cl>uncil t_+r Commerce and Trade. In 1985, he t)ecame chiet ot slat!

to Vice President Bush. After Bush tmcanu" President, Fuller served its co-el+air of his transiti_m team, going tin

ttl I+e a membe] ol the advisolx committee tbr t}+e Et Olmtni( Sulnlnil held ill ]l(Itl_,tOll, 'I'exa_+, al+d chail ot tilt"

1992 Repuhlican Nat|final (;onvenlion+ Al]er leaving tile White [h_use in 1989, he was president ol tile

Washiugton tirm ot Wexler, Re)holds, Fulhq, Harrison and Schute and then presidem of ttill and Knmvh_m

USA. He later served as senior vice presidem tbr corporate at]'airs at Philip Morris ('cm+panies, Inc. Set" t_,ql01s

!,lTm m Anu'+#a 1092-1997. 471h edit|ira, w)l. I (New Providence. l_J: Marquis Who's Who, 1993).

Clifford C. Furnas (1900-1969) earnelt his I'h.l). from the University ot Michigan in 1926 and servell as a

t he+his1 with the U,S, Bureau of Mines fi'om 1926 to 1931• tie then taught chemical engineming at Vale t'r<m_

1931 to 1<.142. He became director of research at Curtiss-Wright ?drplane Division (1943-461 and sep,'ed as vice

presillent [br (k)rnell Aeronautical l+aboratorv (1946-54). Alber serving as chancelh)r at the University of lJ,utlalo

liom 1954 to 1962, he became president of the Stale University ot NewYurk at Buffalo. See "Furnas, Dr. Clillbrd

C.," l+iograt+hical lilt', NASA tlistorical Reference C<_lh'ctiot].

fl

Yuri Gagarin (19.q_l-l<`)(iS) _as the ,";_:.iet <:_smonaul who bt'came the tirst 1roman in space with a _me-_)+t)it mis-

sion aboard lilt' spacel_ Iatt \q_stok 1 m/April 12, 1961. The gleat _,ll( Ct'_,s O[ Ill;it t_.'al made (;agal-ill a global hero.

and he was an ,,.'ll_'ctix'e sp<_kesman fill lhe So'..iet (!tfic.n tllltil his dearth ill _|n aitt lalt att<idel+t, St'(' "( ;akr+alitl,

Yuri. +`Im+gtaphi_ al lilt +, NASA l listorical Reli'reuce (]olh'ition.

Ken Garland ( 192-I-19971 was educalelt at llawker +Aircraft Technical S(hool in 1941. It+ till + astronautics lielll,

he becanle ill+ intelnationallv tec(lgltiled auth<H o1 many hooks and articles that el+ljoyed a t+¢OlId wide distrihu-

lion. He Was a distinguished memher ot the British lnlerplanetary Society and a mi_jl+r cotmihulc_r to it+'+devel-

op|ltenl. See '+(;allanll. Ken," hi<_graphital tite, NASA Ilislorical Relerence Ci)llectilm.

Hugo Gernsback (IS84-1967) was at U.S. publisher known its one ot tile lathers of science tictilm because he

tOunlted lhe inaga:ine Ama:m_ SIo_ie_ in 11126. He desigl+ed the wolht's tirsi hlmle radio sel, the Telinuc_

Wireless. 1Its "li.limeo catalog evolved il/lO s('iet+l e magazines sulh as Modern t:l+'_l_rmi_ a*ul I:l*'_t_i_t*l ]',xlJel'lm+,¢tlet;

(,ernsl)ack was an itlslttlntellla] h)t'te ill tile [}.)lmatit>n <Jl the Ncien( e l+'i( tiou [,(+ague in 1936. I h" pate+tied Ull(llt'

thai+ eight!, invl,nti<ms and pulllished hunlheds ++I wi:+tks. See +'( ;el t)si)ack, l lugo, '+ biographical lile, NASA

Ills+m-teal Refiqem'e (]olleltion,

Robert R. Gilruth ( 191,'+,- ) was a Iongtinm NACA engineer w<_rking al the tangle) Aelonautit al labot'at_p,,

from 1937 to 1941;. Ill' then was chie[ of the Pilotless Aircraft Research Division at Wallops Island tiom 1946 m

1952. He had been ex[+l<_ring the possibility <_t human spacet]ight betore the creation _t NASA. He sev,,t'd as

assistant di_e_ tol al l.angle) ( 1952-591 and as assistant ilirel lot (manned satellites) and head ill Prl_ject Mercu_ T

(1959-61), lel hnitall'+ assigned to the (;oddard Space Flight (:ente] hut physitally h_catelt at I.angley. In eatlx

1961, +E Keilh (.;len,Lau. NASA's tits+ administrator+ established an independent Space Task (;mup (ah+ealtv the

grlml)'S name as an indepetzllent sul)llivisi+m of (;oddartl) under (;ilruth at Langley to supervise the MerctLux

program. This group moved to the Manned Spacecraft (]elllet ill ]lottstoll, Texas, ill 1962. (',ihuth was then

liirect<_ t_l the [ hmston operation liom 1962 to I+172. See I Iellt): (+. l)ethloll, %'l,'dde;,t('_' 7++l?lOl+lTl70(,'I/m/" + • . "." /I

/li_tO U _/ the /ohn_on .'_pme (.'e_+te_ (Washingt<m, D(]: NASA SP_1307, 1993);Janms R. l |arisen, l';n/Ztm'e_ in (;har_,v: A

lh_to_, o/the l.anglo; _emnmai+aILalmratm 3, lq17-1q58 (Washington, I)(]: NASA SP-43_15, 1987L pp. 38_88.

John H. Glenn, Jr. (1921- ), was _;elected with the first grim I) of astronauts in 1959. tit' was the pih_ tiw nhe

February 2(}, 1962, Mercur)-Atlas (i (FHend.+hip 7) mission, the tirst American orbital tlight. I te made three orhits

on this miss|tit+, t h' left ttu' NASA astronattt corps in 1964 and latin eltteled politics as a senator liom ()hio. It+ +

lt'turned t_) space it+ 1998 as a Space Shuttle payhlad specialisl ahoard STN95. tie was a test sut_ject tier speeific

truest|gallons that mimic the etl_:cts of aging, including loss ot muscle ma+ss anll bone density, Ilislupted sleep

patterns, a depre'+sed immune system, and hiss of balance. See Loyd S. S_venstm. Jr.,.]ames M. (;rinm'llotl, and

(:harles C. Ah'xat_de_, T/li_ .'_, (heart: +4 tli_l+_r' o/ Pr_qe< l :tlet_ u U (x+t.ashington, 1)C: NASA SP-42011196_;); Shulth'

Press Kit--S'['S-95.
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T. Kei_ Glennan (1(.)0:'-_-1995) sm_.'ed _ASA's first adnfinistvator, wlfile <m h'a_e hmn Case he, timte ot

"I'echnolo_,_', from August 7, I(.)SFL to January 2(), I(.RH. tie was educated at Yah" University and worked ill the

SOlIIld lI10[]Oll pi('llll'e ]n(tllStlT¢ with the Electrical Research Pr()chlets (;ompany. [le was also Stlltli(i ilt::llla_er ()[

PaFalllOllnt Pictures anti _alllLlel (;(}]dw'.,n Stll(lios ill t]}l' l!)?,{)s. (;lellllalt i(fined (]Ohllnllia l;llivelsil'_"s I)ixision

ot War Research ill 1(.142, serving through World Way II, tirst as adnlinislraloF atld then as tlire(tor of the [.S.

Nav,,'s Underwater Nmmd l,aboratories al New [,_mdml, (]onlle/tilut. hi 1947, tit' became president ot tilt' (]ase

lnstitule o[ Technoh)R_ ill (ileveland. During his administrati_m, (tale lose [iom a primarily hwal institution to

rank _,_ith tile top engineering schools ill tilt" nation. From October [950 It) November 1952, (;lennan set_'ed as

a rllelnller ()[ the Atollli[" Ellelgry (:onlnlission. Al]er leaving NASA, Ill" returtle(l t() (]ale, where he continued to

ser,,e as president until l(.t6fi. SeeJ,D. Hunlev, ed.. Tll_ Birth o/NASA: The Dia U o/ "11Keith (;lgn_mll (Washington,

D(:: NASA SP-.tl05. 1(.)(.131.

Robert H. Goddard (18_2-1(,)45) was (me o1 tilt' three most iir()nlinenl pimwers _bt ro('ketl T and spaceflight

thel)r',, lit' earned his |)ll.D. ill physics at (|lark L!niversit,, in 1911 and went (m t<) be(onle head of till' Clark

physics departnlent and director ()f its physical labllratories. ] 1(' began Ill work seriously on rocket devel(qmwnt

ill 1(.)O(.)artd is credited with la|llwhill_ tilt' worl(rs tirst liquid-ilv,ql('llanl r(uket in 1926. Ill- ('ol]lillll('d his _o( k-

et devel()pnmnt work with tilt" assiMante (it a i('w lecllni/'al assistall(._, thlOllghl)lll tilt* l'el'llainder of his lile.

Ahhough he developed and patented illaoy ()[ the le('hnoh)gi{.s lat('l ilse(I {)n large r(ickets all(:| missiles--in(lud-

in R fihn c<u)ling, g'yl'(is(l)l)icallv controllt'd vanes, and a variallle-th] list r<)( ket nlotor--only tile last ot these ('()n-

tviiluted directl', to the furtiwranee of rocket] T in tilt' ['nit('d Slates. (;oddard kept most _}f lile te('hni(aJ lit'tails

()t Iris inventions a secret and thus missed tilt! (llall(e t() hay{ _ the kind iff influence his real abilities llr(mlise(i.

AI the same time, Ill' was III)t gl)llt'l at illtegralillg his in_.entions illtO a w()rkable system, so his own r(u'kels t,liled

It) reach the high altiludes Ill" sought. See Milton I.ehman, I(ohe_t tl. (;odtblld: A 15onee_ o/_%_mtc Ilt_w(t¢_h (Ne_

York: l)a (:al)O. 1(.1881.

Daniel S. Goldin ( 1940- ) be(Tanm tile ninth NASA adnfinistrat(ll in April 1992 and immediately began to earn

a lei)lllalioll |IS Sill a_,ellt of (hange ill bringing let()rlll {o Allleri(a's space agency, in addition to |1hi)lenient|rig

lllall_,' lllallagelllell[ ('ilanges, (;oldin neg(pliated with his Rills|all counterpart. Ylu'i K()ptev, the heat| o[ Ill('

Russian Spate AgenQ.', It} t(mstruct tile International S[)act' Stali()n wiltl a i/arlnershi|) o| European ((llllllril's,

( :anada, and.lapan. Bt'thle coming to NASA, (;oldin was vile p_esident and general manager of tilt" TRW Space

& Tel huoh_g,v (;rou I) ill Redondo l),each, CalitOvnia. During a twent_-live-vear career sit TRW. he managed lilt'

de,,e]{}plnenl stilt[ ])l'()dulti(m ot advanced spacecrati, techno[(igies, and space s(ience instruments. (;(lldin

Ile_,an his (ar('er as a research scientist at NASA's l,ewis Research (:enter ill Cleveland ill 1962 and w(wke(I on

eh'( ui( tnotmlsi(m sysl('ms [()r Imman inlerplanetar,, travel. St'(" "l)aniel S. (;_t(tin," Adnlinistrator file',. NASA

I lisl()ri(al Reterence Collection.

Nicholas E. Golovin (1912-19(';9), bllrn in Odessa, Russia, I)ul educated in tilt' United Stales (with a l}h.l), in

physics t]'om (;eorRe Washington University in 19551, worked in va|'il)llS capacities t,:lr the government dming

and after W(irld War 11, including the Naval Research I ,abl)ratoQ, (1 (.146_t8). Fie held several adminisl rat|re p()si-

ti(lns witll the Nati()nal iqueau _11 Standards fi'_)m ]':),l!) to 1958. In 1958. he was chill scientist fill the While

Sands Missile Rauge and thet+ worked till- till + Advanced Reseauch I'm|el ts Agency in 1959 as dire(t()I o[ t('ehni

(al <)perations. lit' be('ame deputy assoliale administrall)r l(>r NASA in It)60. He ioined priv.:tte indust]+v beti)re

I)ecoming, in 1961, the director ()f the NASA-DOD l+arge Launch Vehicle Phrasing (;roup. He }oined th(' ()tile('

of Science and Technol()gn,' at the White Itouse in 1(.t(;2 as a te(hnica.I advisor [()r aviation and spate and

relllained the] e unlil 1(.11;8. tie %%r;_slhetl a research also( tale at ] i:ll"_al d alll(I ;t ti'llow at the Bzl)okings IIISliltlli()ll.

See ot)iluari(+s in I'l;_',h.,_+E+.,,,_ S/a;; April ?,11, 1!)t:_!1, i I. B-6; _?_hi*_e'l_m l',_t, Ai)ril 30, 196(..), p. Bl4.

AndrewJack._on Goodpaster, Jr. ( 1915- ), was a career Army (dli(er who S(_l-_r('(_ :_s detense liaison offi('et and

se(letarv of the White lie.use stall ti-om 195,t to 1961, being pvom(_tl'd to brigadier general during tllat pm iod.

He later _as deput_, cmnmander of the U.S. forces ill Vielnam (196_q-691, and conunander-in-chicf ot the U.S.

For/el iu Eur(qm ( 196(._-741. tie retired ill 1974 as a t;mmstar general but relurned to active duty ill 1977 and

serve(t as Sul)etit]tendent of the U+S. M[ilitary Academy, a poll he held illllil his set'lind ietirell/ellt ill 19;"+1. See

"'(;oo<lllaster (An<he_.l., 1,:)," bi(tgraphi(al tile, NASA Ilist(,ri(al Reti=ren(e Collecli(m.
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Mikhail S. Gorbachev (1931- ) became lcadel ot tile Soviet Union in 1985 and lestructured tilt' nation, pre-

siding _XrtII lilt" denlisc of the conununisl stale and the end of the Gold War ill 11t8¢.t. hi Ihe process, he iipened

net4otialions with tile l.rniled States fin signific:ml internali<ntal coopeu'ali_+N in sit;ice t'xph+raliml. See Thomas

G. Butsml, ¢;otbachr_+: A BioJ_rrzphy (New York: Stein and l)ay, 1985); "(;tullathev, Mikhail Sergeyevich," hio-

gral)hilat tilt', NASA Historical Ret_'rence (:oiler tilth.

Albert hi., Gore (191!7-19914), was admiucd to the bar in 1936, atlcr being in lhe lield ot educalion, and began

inacticing law. :ks a Democrat fiom Tennessee, lit" was [irsl elected to rite U.S. llouse ol Reltresenlalivcs in 11t38

and reeh'cted fin p, vo inore terlns btrfl_l'c resignint4 in 1944 to.join the U.S, Arm'_ He returned lo (_Ollgless t01

fiuu mole lellllS tlOlll 11145 It) 1¢.)53. lie then won eletlion to the Sen;tie and scrved frmn 1953 lo 11t71, ;ttler ;in

unsuccessful leelt'cli,inl in 1{t70. 11c then returned Io Tennessee and i'ey;illllt'd the plat lit e ot law, lie( i)lllillg vice

presidt'nt and illelnllel (if the I_lald ot libcolors of llle Oct idt'lilal Pelloleuln (]Ollipally. (;(lYe ;list) taught law

at Vanderl)ill University tnli_il 1977 and was n nienlber of tilt,- Board of t_elroleunl and (',oat (]Onlltallies. ,_:,t'e

"(;ore, .-\lberl Arnold," I)hlgraphical Siilliln_il".', U.,q.._eilale, {VashinKlon, I)(;.

Daniel O. Graham (192t7--1996) was a sl)ace experi who pioneered the c¢)nceltl of file Strategic l)et_.'nse htitialive

(SIll), also known ;is "Sial" "%;eli'S." A slatilich conservative, tie was appoinled direclln' ot lilt' l)et_'iise Intelligent t'

A_eil() in 1974. In 11#81, lie t)t-canle lilt' rille( ll)r of lhe l ligh Frontier or_allilalioli, l/ecolnilitr a nli!itll voile ill

siipporl ot SDI. hi 1990, (;rahaiil ti)tlmlt'd lilt' SI)a(e Ti;inspl)flalion Ab_yllcy It) SllpltOrl Ilie de':¢-hlpnlenl ol

launt h _cliicles liliil elnilodied llie single-sta_e-lo-_ll bil t OliCepl. tte died i>li [)el t'niltt'r 31, 1991i, atler a Io11_ Ilal-

lie with t alilel\ <_t't' "(ilahalll, l,i. (',en. Daniel." biogiaphicat tilt'. NASA Itislmical Rt'l{'i¢'llt t" (7_dh't lion.

William R. Graham ( 11137- ) st.r'ct.d lhrec ,,'ears ol aclive duly sis ;i pv,!iet I oltit vi with lile Ait Forte 't_t'e;ipons

l.;llloiall)i', ;ll Kirlland Air l"t)rct' Base in Sew Mexil_l. tit' Iheli wt'itt oil 1o spend six lears wiill the Raild

(]ortloralion in _;uila Moiiica, Calitornia, hi'tort' Ileconiing a ti)illldt'r and executive ol R&-I) Associates, based

Marmlt l)et Rey, Calitin-nia. In 191"10, he sei_'ed its an advism lo llresidenlial candidate Reagan and was a nieni-

ber ttfthe Presidenl-elect's transilion leaill, lie ltlelt seia,ed as c|lair ot the (k'iieral Arty;sin3" (knnniitlee Oil AllllS

(]l)lllrtll alld Disarlttalnelll tOl lhlee years. Noniillated as NA,I_A'I deptllV atilninisllalor bv [Jiesident Reagall Oil

,_;eplenlber 17, he was contirlned bv lhc <%el;ale till N(ivellit/er ll'l. 11t145. (;rallalli let; NASA in ()clllber i986 io

bt'i tnne direr tol of tile While House ()ttice t lf Scimtce alid "17i hlllllog) Polio), eventually t)et onling st ient e advi-

sor l_, Real4an. a position tit' held until ,June i9b19 _dit'n lit' lcti _OVeFIIItlClII sel'_ict! lit.it>in Jayl<,l, :l high-

li-t hlltlhl_,_ ttililpallv. ,t_t'e "(;l'ahalli, _lVlli.," Depilly AdlililliSIlalol tih's, NASA I lislorit al _el_:lC:lll'e (]t)llt'clioll,

Jay Greene (1947 ) it_ined tlic.lohnson Spate (;eNtei in 1965. Fvonl 197-I it, 1980, lit" headed lhe Fli/¢hl

l)_.nainit s Seclion and served ;lS a tlighl dynanlics lelhllician tot ltle Apollo pro_rnin, l;roln 198(i to IC,i_, Ire w;ls

chiet of Mission ()l)eialitins t/lanch. In 11t87, lit" becanie chiet of tile _att't) l)ivishui al,lohiistm and served lit

lit;it catlat i1"_ unlil hi' bet'anle depiilv inanab{er tit lhe Space _';hullle i)lllgl;illi ill lC)#4,tt. In 1991, lie was apptlinl-

cd depui) associate adnlinistratoF t0r exploralil)n. Set" "(;reene, ,lay IL" Ilioglapiiital tilt', NASA Itislorical

Rett-rence (]oJJeclitnl.

Michael Griffin is the seuior vice presidenl and chiet oF let hnolo_.>rv at Orhii;il Sciences ( ',oiporation. l'reviously,

lit' was NASA's chiet entrineer tronl 1993 l<_ 1111t4. (;rittin i'et t'i_ed his lilaSlt.l:S det4iees hi aerospace st ience 171_111

(]alholit UniveisilV and hi eleclrical t'il_ilit'eiiii_ lioni the {rniversilv of _';ollllielii (]alitinnia. tie lalei let eivt'd

his Pit.It. in aelospa(e engineerinl_ tiOlll Ihe I,_niversiiv ot Mal_land. Set" "(',rittin, Michael," t)iogi'al)liilal lilt'.

NASA I tisl_)_ ital Rclk.iellte ( ]ollei'lit nl.

H

John P, Hagen 119014-19901 was dileclor tiC lhe Vanguard prot._rain diirilig the 1950s. tit' had bt'en an

aS;lll)ilt)ltlCl ;ll !tVesleyan University 11931-35) bei_n'e working for tile Naval Researcii l,aboralory (1935-581.

"_Vitli lIw t It'alion ot SAS,,\, lit" I)etanic the assislanl direclor ot spatellighl de'.elllpnielll (19Dl'l-611), alifl ill 1969,

)it' lt'ltlllled to hi_her t'dutalitln, t)t'tOllliIl_ a |)i-t)lisStil tit a,_lltlllOllly at Penllsyk'allia _l_lle [Filitt'lsil). ,_ee tdiil-

i1.11\ in .\)_l' t7,#/_ 77..% ,_ellleliiltel I, 11190. ]). 7._1.
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James c. Hagerty ( t90(`1-1(`)141 ) was on th(' statt ot The' 3,)+it, )7_rh ?)rues fiom 1'0'34 to It`H2, tit,." last t_)llr ',X'aVS as h'g-

ishtti'vt" t OlTt'_,l)()nd¢+lit at lilt' }t_ll)t'l"_ ,A.l]t_tllV I)ttl'('_ttt+ 1|'." _;CI'Vt'([ _t_, CXt+(uIi_c _t'_si_',t_iitt Io Nt'w '_l'ork (+o'+clnOl

l'h(>ln_ts l)t'W(W h()m 1(`)43 to 19F_0 +lllrl tht'll _ls l)¢'Wt'_'s Pl(,ss nt'cl('t;lF', t0r th(' n('xt tWO y(';lls hi'jill(, b('(olniltg

I)lt+s_, st'ctctal'): fk,l t)lcsidcnl t+_ist!tlho;vcr t]om 197)?, It) ]giil. S(>t' "Xlisct'llall¢'olis ()thor Agt'ncit's," I)i<),gtat>hit _tl

lik+. NASA l lislOFiCal Rcl'('ren('e (]oll('(lio]i.

Eldon W. Hall (1919- ) j()in(,d NASA ns t hivl ()] all:)Pods _ulti zcqttirt'nv.'ntn il) ()('lob¢'r 1(`I;'-114.lh' i(tim'd lhc

NACA in I(.)43 _i.t the Ix';.,,is Rest'arch Ccnlt'r in ()hit) when it was known as lilt' AiFctafl Rcst'vach l.al)oFalorv and

sciw('d as l'_t'_itl of thc ])l<',pulsion Svst('nls Anal)sis N('t lion tht'rc fioln 1946 to 1951. With NASA, h(' St'tart'([ ;IN

assistanl dii('(tor t)I syst('vns ]rom July ](`)(_<" it) l)<'(('mb('v I(.)()5, dill'it(it ()]" (',(mlini ,,vnlcms t'n_illccling honl

l)t'('<'mlter ](`.)(_)._ to N(tvt'm|tor ](`)('](i, _itid ,riit',.'(lot ()| a(:Ivallc,v(l lll_iUm('(i mission svstt'nls eli_init-t-i'i(l_ hom

N,,,,t'inlt('v 196(i to Al)ril l!)G14, l lall hlt('i' w<)rk('d lilt (;t.n,.+i'_ll El,.',vtric as the tnanagt'r t)f a(Ivanc,.'d t*.'chtioht<t,,)'

l)r(!j,'(t'_. In I(.)!)(L hc _+t<)t(' the' book ,]"t'O' '+_ th+ M+m..' 7"/+,, ll/+/(,l') .i th+' Apolh> (../dam+' (;.mbu,'e): S<'c "llall,

Eldon W.+" biogralthical ilk', NASA llistorical Rclt'rcn(c C<)lh'( fi,)N.

Bry('e N. Harlow (I(.)I(i-I!)147) was _t l)aVl ol lh(" congtx_ssional shilI from 19314 It) l(`),"t I, risivLe , it) l)c ( hit'l ('l,.')k in

193)0. Front I(,)51 i,) I(.)52, hi' '.','_is ,,i('u pi('sidcnl ol llarlov, I)tdtlishing (;oi'itorati<in in ()klahoma Cir.:. lit.

),:,itu-nc,:l to V','_tshingt(tn and h0H positions on th(' White l lolls)' stall, ])cginmilg in I!}57,, h(.('()ntilig (:I(,pl]tT,, ass)s-

tan! to th(' Pvc'.,idt+nt fi)v congrcs:.,iona] all.drs in 193(.). hl I (`i(il, It(' lt,.'(amt' diFt'clor (if govt'Inm('ntal v('l_Itions lol

F'ro,<lor and (;ant)if.' Mailtd_ictuFinl_ (:(trill)any)mill ](.)(_(.), ',';hey, rejoint'd lhc V'i_hil(" lions(' _is a.,si'.,latlt I<) tilt'

I'It.sidvlit _()( h'gisl:aixc and ¢ otlglt'ssiolial a|L(irs, lh' It('( mill. (())rest'lot i<) lhc l)rt'si<h'nt ill)in 19(:,9 to I!)70 and

lht'n st'I".,t'(l +Is vict' ltiv:-.idt.nt ol l)tottol +tNd (;aml)lc 11970-75) hi'lilly )('Itlllfing again to lilt' V(hRt' lloun(" as

collnstqov to l)r<.skl,..nl Nixon ;-it th(' ]It'ighl (t] tht' W:ttt'vg;llc s(':ll;tlal, tt'nlaitiittg until At)vii ](`174, wh,.'n hi'

l<'si,'_llt>d ;)nd l('ttlrli¢'(i Io privat,.' ]ile. Fit'*.' .grill /'),'i)1+]s, 0 Chin.)+h,, oltitlnat'ics, F('ItruaY,, 114, I(`)87, p. 32: Alla(+

( tt)tti]t,_,, +'So()itt'r l)r,t+sitlt,nlial Advisor l_,rv( e l l;(tlov,, lilt's,+" l.)+dl_, (J/<lah..mt+, Fcbru_uw 114. I(`)87+

Klaus P. Heiss ( ]!Ll <;'- ) is an Austrb.lt+-born ,_.'C()llOlnk.,t ,,vh() itlt.l)atctl ;; in_!jor ('(t)notifit b:'asil)ililv sill(l,, flit tilt'

14p:i('(' Sli(ittl(' itiogtmn in I(`)71. Hc l:ti('r w,)rkt'd wilh El(In, Inc.. ;utd Ioun(h+d and hcadt'd Spat,.' Translt()rlati()n

Cotl)()raih)n ill I)Fiil(<,'loil, NI'W .]+.'l+S('}'. St'(' "llt+iss, KI;tiis 1'.." 1)i.)gr;ttthhal lilt', NASA f lisiori('al I'_++'ti'it'ilt ('
( loll)'( lioil,

La'i,.'tence E Herbolsheimer ioint.d NASA in.iullc I(.)14(_, having l)Ic,,i<)usl} st'r_.,.'d in ;'ariotls scni<,v ni_tnag('nlt.nt

ltosilions ill tile tniltli¢ ;tiitt I)iivatc s<,'ct(il's, iilcliltlilil4 I)t'ing _i (()ll)()r_li(" i)laiitiing/'htlshit,ss tlcvt.lol)nlcnt Ill;(ll-

;tt_('r ill Ill(' lni('i'll;ithilial l)ivisi(tn (it (]onl;lilit'i (;Ol])()r_ltion o| Aill('ri(a iit (]ltiia_o. ]to was ;i ((vlOiill(h't ot

Vt'i'l<,'(h++ (]oil)()v;tli()it. MOltlt_ol;t(.'i'v F()o(ls, ]ii(.. Ai)t'× (]Ol|)Ol'alh)ii, and Y.liddk' +14't'M ColIMillantn, l,id. tit" ;ll++()

s{'rx('(I ;Is ;isso(i;ll{' dilx'cior hi lift' White I lt)ilsl" ()tilt(' (>1 (_;ihincl A|t{til'S, was a ])i't'sirlcnii;t] _il)l)oiitit'¢, lit ih("

(;()illiiit'i('i;i] St)at t. \_+'()i'kiltl_ ' ill-(till) (lit(It'( lily (]_liiilt('l (;i)iiiit il Oil (](lliint¢'i(¢. and ]'t'a(h', _illfl "ix,;l_,;i it'l)l-t'_,t'ill;i-

tiv(' to/'×t't tlliX_, bl_lllt h ('oliiiiiilit't':+. tt('ll)olshcinlci was ;il)l)oiillt,d d(.l)tllv ,tissisl;inl ;tdniinisil';tloi tO( lit(" ()tilt c

()|( ]()Itllli¢'i(ial Piol_,i;iill_, ;il NASA 1It'atlttu;irtt.ls. lii (iris i)<lsitioii. ]i¢' was r('s|)(insit)l(' t()i- ;((Ix;ill( ilig lit(" hll<+it'_,ls

lind ttarli('it)alil)ll o| tht' 1)rivatt" s('(loi ill the t T14. space plOgl;tln, l [(' ')_,'i1_4iI_llllC(l ]tv X+.,{._J{ Adniitlistr:itol I)1,

,l_iilit'++ (L t:lt'i( ht'i Io _,('i_<(• _ts Ih(' at'ling ast+iMaiii ;ithniniMi;ilol iliilil _t t)('llli_liit'lll it']t]a((Uli(Ult t ()tll(I hi' _,('h'l I-

t'(I. S('_' "I h'il)olsht'iiil+.'l; [,awl(.lit-(., +' ltio_l'itlt|li(,_ll lilt, NASA I lisl<)li( al R,t't++'ll'llt (, (loll('( lit)(l+

William M. Holaday ( I¢.)01 - ) w:ts st)('('ial assiSlalil lit lilt' st'( _<'lltl-v ot ttt'|<.'ilse t()r glli([¢!d illis_+ih's I)clw('¢,lt 1(.)57

_tiitl I!)DS. tit" I]l+.'n w_ts l)('p_lrtiiil'iit ol l)('l{'nst- diix'cl()r of gllidt'd liii,+si](.s iit 1(.)F)14iiii(l ('hahillaii ot lilt" (',ivilian-

5,1ilit_ti_ l,i:liS(lii (]_l)lllilill('(' h'om ] {)_")14t() I(.lGO. Pl("¢il)ilS]t., hi' h;td ])(.<..ll ;iss()t i_tt(.d wittt a Val'iCtv (if rt'st';l+tth _lll(l

d('_t'h)llliit'lit a(tivitics, liot_lltl,, _is dir('(ioi (if l('st'_ti(h t_)i Iht' S.t,)N_-M()Ifil ()il (]()iiil);iii,, (19_>7 'II). _ct +

"'_4'illialn \'1. | I()la(Li}." Ith)_l'at)hi(-a] |Hi'. NASA ItislOli(_tl Rck'rcltcl. (;ollt.('li()n.

John I_L Holcomb (1(`)2(_1(.)<_(,)) was _l NASA <)tti(ial ;in(l N;ivy (_ll)t+tiii. Ill 1(.)(72, lit" ;_as ;-issigil('(I to NASA as th("

assist_ini dil'('ttof of ]attll(h (tl)(<'l;_ttiOltn ill lilt' ()flirt Of M;tiin('¢l Spa('(' F]iglll. ttc w(irk('(t at NASA t[('a(:ttlliaVl¢.i-++

ihioligh(>ul lht" Apolh) 1)iogi'aili I)('li)l't! rl'liriiig i!t ](.171i+ Ati(u tt'iir<,uiiCUll, hi' S('l-Vt'(t ;+is (It)( t!ltt _I lift' Natlon_ll

Air ail(I Sl)a(x' Miist'tilli in "Q+'_tslliiit4t(tn Ulitii 1(.t_t_. Soy "th)l¢<)llit), ,l<)hu K. Caltt.,'" I)iof_lal)hi(,al lilt'+ NASA
t lisl()lit _il R('ti.i viii-t, ( ]()11(.( lioll.
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D. Brainerd Holraes (1.q21-) was involved in the managenlenl _lt' high-te(hn(dug 7 e|lorts in private industJw

and the federal government. He was on the staff of Bell Telephone [+aborattn-ies (1945-53) and at RCA

(1953-61). If(' then became deputy associate administrator for the NASA Ottice ot Manned Space Flight b'_nn

1961 to 1963. rl'hercafter, he assumed a series of increasingly senior positions with Raylheon Corporation and,

since 1982. has |)een chairnlan of Beech Aircratt. See "D. Brainerd Hohnes," biographical tile, NASA l]ist(Hical

Rett`'retlce ( _ullection; "| h)lm('s, l)(yer) Btainerd," Curtvnl BhJffmphy )i,athm+k 1963, pp. 191-92.

Paul E Holloway (193S- ) wits the dire(|or ot NASA's l+angley Research Center |rom 1991 to 1996. lit" be;4an

his NASA clueer at Langley in 1960 as an aerospace research engineer. Ill 19(i9, tit" was appointed head ot thc

Systems Analysis Section and became the head o1 that braoch in 1971. tte (c_nlinued his service Io NASA and

was named deputy director of l.angley in 1985, until he became director ill 1991. ttolloway re6red in 1996. See

"I Iollowa',. l'aul," biographical file, NASA Historical Reterencc (:_dlecfion.

George W. Hoover was an earty spacc enlhtlsiast wh() entered tlw Na',._, ' ill 1944 and became a pilot, tit' moved

t() tlle Ollhc' o| Na',al Resealch Io COtldtlt I a pl()gralll ill all-'..,eathe[ flight illslrnltlCnla|iOll, Later, lit. ' helpcd

originate tilt' ulea td high-altill_de I)alloons, used in a variety (it projects, such its Skybook. which sttpporled (<)s-

llliC-laY lesealch alld selvud as a research ,,'ehi(h" I_>r obla]nillb_ ellVil_lllltlenlal data relevant t(} StlpqrslllliC tlight,

amt_ng other uses. In 1954. he was prqject i)Mt er in (he tield c)t high-speed, high-altitude tlight, with involve-

m,.'lt/ ill the Douglas 1)-55S plqicct leading to the X-15. IlooVCF was also instrumcntal in estal:dishing Prqject

()lbilel with voH lSraun and others, resul6ng in tilt' launch o| Explorer l, tile |hst American salellite. See

"(;e¢_rge W. Hoover," bi_)glaphical tile, NASA tJistorical Rei('Fence (;olh'ction.

S. Nell Hosenball.j_mwd NASA in 1961 as an attorney. He served as the agency's general counsel tilm] 1.(175 to

1985. Upon his retirement trom NASA, he became director of the Univecsity tdCoh_rado's Center |k)r Space 1.a',_

and Poli(_. See "S. Nell I Iosenball," bi_)grapl6cal tilt', NASA tlistorical Retk'rence Collect|tin.

Robert B. Hotz sewed as a member of lilt- Rogers Conm6ssion illv('stigalillg lilt' Space Shultle ChallenKer acci-

denu 1le was the t'dit(_i ot Avmtio. |_;,ek & ,";pace lbctm.h,l.9 bem_ 1953 to t':18(I. See "1 b>lz, R(_btqt," bi,_graphical

lile. NASA Hisu_rit al Retcltqlte Colleclion.

Gary Hudsoo ( 1_.150- ) altendcd the University ot Minnes()ta and was an Aviatimt t_?ek "l.atllel" award re(ipi-

fill ill 199"t fin otllsta_ltiing achievement in the field ot space, having been working ill the field of tommercial

space t0r more than twenty-five years. From 1980 to 1.(.t81, he was president of (;(3t, Inc., and chic| systems

designer ot tilt' Perchclon 055 exl)erimenlal launch vehicle, the first private launrher built in the United States.

l It' Ihelt co-It)untied Pat|tit American [.aun(h Systems, In(., becoming presidenl al_d chiet cxe(utive otlicen

:\Is() dtlriltg Ibis time, he was it consttlllull l_ tilt' U.S. Air Force's I'r0iect Forecast II. Ill 1994, Hudson co

t0unded [IMX. tn¢., uhith deveh)ped a monoF, ropellanl i_tck,.'l engine propulsion system fi)r Kisthq Aerospa(e

Corporation. lie i'; (ullenll', a |i)untler and nlelnl)er (11 the l_.oard ot l)ileclors of the Rtltac:,' Rocket (](mlpan);

also currently serving as president and chief executive office], as well as a board member of the Space

I ransportatit)ll Asst,cialiot]. See "(;acy (]. Hudsot_," biogral)hi(al file+ Rotal_,: R(wkel Company. Redwo<)d (:it",', CA,

Maxwell W. Humter 11 ( 1922- ) was tilt +t)rint |pal designe_ (d the Civilian I)eha Rot kct. Ire joined tile National

:\cronatttics Spate (]_ltnt il il_ the early 196<)s, helping de( isiotl-illilkers dlu'i_;g lht +Apolh) _.ears. In the lale I':)ti{)s.

be returned to designing and adw+cating advanced space sy,,lents, itHluding the I lubble Space Telescope. In

tecent ,;ears, he has ociginated the SSX, a single-stage-to-orbit launch syslem. See "tlunter, Maxwell W.+ 11{' bio-

graphical file. NASA ttistori(al Retk'rence Collection.

Abraham Hyatt ( 191(1- I calned a B.S. in aeronautical t,ngineering trttm ( ;eorb;ia Tcch in 1933. Ailer working

Ior lilt' ['.S. (;t'odt'tic Surxt'". and private induslr:..', he became head _)t lht" Design Rcse:uch Braltch |(_r lilt' Na'c','s

Bitreatt t)| Aeronautics in 194_, and advanced to chief st ientisl aild teseatth anal_.sis ollicer (1(..15(_,.-51'_). ht 1959,

be I)etame assistant di_ect<w t_)l pt<q)ulsion in NASA. The IoII<,:','il_ K vt.a], ht' became director ot NASA's Office

ot PH)g]aln t)lanlling and Evaluation. He remained ill thal I)()sili(m until 1_364, when he 1)el alne a I)rolt'ssor at

Mlrl" and lllen, in 1':,I{;:'_, cxetuli',e director tor corpt)cale i)lanning at N(_rlh Ameli(an Aviation. Inc. Se_'

",\l)t ahan_ I hath" I)iogtaphit al lilt', NASA 1 listolit al Rcti'lent c (;olh'ctiotl,
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George Jells was president oI Ro(kwell lnterlmti<mal's North Americao Aerospace Operations, as _ell a_ pvcsi-

delxt tll" tilt' Spacu _y_,t('lllN (;l'l)ll]l, ill Ihc t'arlv lgglls. /L++such. h(" was [|cavil)i]l,,olved with the Spate Shutth"s

de'+elopmt'nt. See "[<'|]k, (_el)l_t'," t)i(_lHphic_ll tilt', NASA I]isl_H i(;tl re[_.'l('nl'e (]o]h'('lion.

Roy W. Johnson (190(_-t965) was ii_tll|{'d the t]lst tlirel't{. (if the l)eparlnwnl of [)t'lt'llSe's A(l',anced Rest'al(]l

Prl?je('ts Agency, arid serv('d li'onl lg_g to ]9__9. As such. he was |lea(| of [)t:f('ll_;e l)t'pilrtmell['s inilial spacc

etlorts. Prior to joining the g(lV('iill|l('llt, he worked fill" (;ellt!lil] Electric and Ietived a_, an exet tlti';e ",'it|' presi-

dent, See '_Johnson, Ro_; W.," hiogiaphical tilt', NASA 1 ]islorical Refi:reoce (]ollecti_m.

J. Wallace Joyce (1tt07-197(1) was an engineer and lilt' ]leltd of the lntertlattional (;eophysical '(eat Office of tile

N-.tti(itl_tl St it'll| l+ ]:lllllldatilm. A [t'w y<';41_+itllt'l' gliidtl;ltil/,_ s(hlll)], Ill' wol'ked [or tile Nil_._: its ;tll eh'{ Itll l'ngi-

leer (197,7-42). Ill ItJ49, he was enqlloyed hy the l)ep_trtnlent of licit'rise' hi the nlutu_ll ¢|ei_:nse assistance pro-

gl31lIl. "]'hill _dIllle Ve_ll, lit' illsl+ wolkell li)i" tilt' Del)aittll('nl Df Still++' (194!+-50) as the deputy s{ien(e advisor

hi'flit(' })eiolnillg thc l,l'ad ol lhc hltertiati<>n;l] (:,eophvsi_al ",i+at <+)trice' in 19":). St'c |i/m:_ +i/t. m Am+'6ca

195,S' /9542, 311th t'ditilm, vol. I ((:hi(ago: Marquis Wh<J's Wh(,, 19r+9); ilYm "W::+', L+,'ho m Ameri+a 1969' Iq77,

",,,,+l. 5 ((;hitag<_: Marqtds Wlio's Who, HI7?,).

!{

Joseph Kaplan (19<)2-1':+91) w_is horH in l_qloh za+ lhmgat T, and came ti_ till' United States ill 1910. lie trained

a., a ph)sil |st _tl .J(lhns lhq)kins Univvr_,ity lind worked +m lilt' tat tllt., of tilt' [ niversity <iI' CaliloHda ;it Berkeley

|r(ml 1928 until his rcth'cmt'tlt iH ]970. lie dhected the uoiversit','s ]nslilutc i_f (;eophysics (later the Institute

of (;e.physit s and PhuwtaU.' Phi.sits) l.+m lhv liml' of" its eft'at|on in I++44. Kaphl. wa_, heavily im<,Ived in t'11_wls

in tilt' I!L")0s to latinl h tilt' lirst arlitit ial Earth sattdlitt', stwving +is lilt' chair ot tilt' U.S. National Conlndltee ti.

lilt' It.ertlstional (;t'oph)sical ;t_'m (19")?,-1i3). Scc "l_tplan, Joseph," hh)grall|lMd file, NASA ]tistovical

R,_'l_.rt.llC,t' (]olh!([iOll; ,Joseph ]+&ll)l;m, "'['lw Aer{)lltilll\ Stor'+': A Memoir," hi R, (]illgill ]tall, cd., E+sms +m th+'

I li_tm) +!/ Ib++ketl 3 amt A+lmnmlli++: 15+ueedmg+ v] tlw Tttinl 7"lmmA, h the Sixth Ill+to O' ._+,mlm+m o/ ttw Iitlmtlaliolln[

A:ademy I!] 4+tm_muti:+ (Washingt<m, DC: NASA (2mti:ren(e I'lthlicatioii 2014, 1977)+ 2: 423-27;Josellh Kaplan,

+'Thu I(;Y Pr(_glam," l'_+++eedm_rs ,] the IRI'. (]tme 1956): 7"t 1-43.

Theodore yon Kiirmiin (1881-196!'I) was a thin<or, arian ,.WlOd,, natl6,cist who tounded tile Aeronautit al Institute lit

A;ic|lcn I)t'l<)rc W(irld _,{+_il" | ;llid _tchi('ved a world-| lass ix'pulatil)n ill aeroll;tlllits through the l{12{)s, hi 1<.t30,

l_+ollt'll A. Millikao 4lid his il+_;ll(illle+ at (]++th('l h hill'd _,l)tl I_{llll;iil flolll Ail(ht'll to [)e(lillle tilt! dile(tor of the

(iu_t'llh('ini AeroliaUlital Llil)or;ihir);ll Calie('h ((+A[.( :11 )+ "|'ht!lt!. lit" Ilaint'(| a geli('l'alion ol eilgitiet'r_, ill llie-

liit'th'al aerudynan/il'+ and tluid dvnailli(s+ 1,Viih ii_ t!liiilleiice ill physics, pllysical chettiistry, _liid itslrophysk+ as

Bell as ;it'l<til;t/lli(_, h i)illx{'ll to lit' ill| ;ihiio+l idt'al silt' t_ll lht' t';tlly devt'lOlmient <if [',S, hallisth rlll'k('liv. St'e

.[ndith R. (;o,'_dstt'ilt, Millikan'+ .gHmol: A llislot)'_+i(:+d(/i>mtiti ]list/tub, o/7k+hmJh_L_ (New Y_ll'k: V','._4'. Noltlltl. l_.E)l);

(]laVlo,I R. KopF, cs, Jt'l. trod |De Ameman S[m+e I>mA,vam. A tti_t, O' v] the Jet Pm]ml+i+m I.ahonttor+ (New I|a',t'n, (]'I':

Yah' l'nivl+rsitv Press, 1_.182); Michael H. (;lirn, 7he I:Puve_:_al Alal+: The+M,*,_" v*m K:irm#n'_ l.{/i' i_l Aer+mauti_:_

OA'ashiilgt<m. l)(',: Smithsoilia_l hlslittltion Prcss, 1992h

John E Kennedy (19117-1963) _'als the thirB-t]tth U.S. president froin 1961 t(i [963. A st!liator froni }%.lassa(hust'tls

I)t'i'+_t't'ii I_.)_+)_aiid 19ti0, lit' _ll_l e_tllll), i;tll till plesidl'ili il_ Jill" l)l'ntlt(talic citiidid;lle, ,wilh pail)"+_'h('e]hor_e

IJyndoli B. ,Iohn_lln ;t_ his iUllllilil_ ' in,tie. Usllig the _h)gali "l.('i's get lhis (i)ilnll_¢ nio'+iiig ilgaiil," Ken|Jelly

chalged Iht' Repuhli(all I_]i_;ell|lower _idniiltiMraliOll with doing not|ling about till + nlyli;td social, c('onolnit', ;llitl

inl_'rii;ilillii;t] i)rlllllt'ni_, lhal ti'_ielvd ill lhe 1950s. lie was espcciall) li;uxl on l_]ist'il]lll_,+.'t'l"_ retold ill ililerna-

li<_il_ll r('l;llil)il_, llikill_ it "(old _A;liiil>l" llosililln Oil it Sll])po_,ed +'missile l_a|)" ('+vhirh tiirlied iltil ill)l Ill Ill" lilt'

t_t_,('), x_ht'it'in iht> Uiiiicd SI;ilt'_ lli_gt'(| lilt be|lind ill(" Soy|el l+rni(in ill inlert'oniiltt'nlal I)allisti< inissilc ie(h-

tio]ok_, (Ill Mw, 9Fi, 19(_1, Plt'sid(qlt Kenllcdv alliil)nti(:ed to the li;ition lilt" goal ol scltdilllg , ;Ill ;\lllel'ic;nl l{i tht'

MI)I)II ll+.'[Ol(' |Ill' end _lt l]il' d_'(adl'. The hull|all slla(etlighl hllpt'Dtlite xvlIP+il diit'('l olilgllBvlh o| it; Pr_!jccts

J%lt'i<ui/ (ill lt'a_,l iii it.', llttl('i _,lll_t'_,), (i(,inini, and AlJl_llo/_('lt' eltth designed to execiil(' il. ()li this subicct, st'e

V_'allt'i .\. M{ l)_luqltl] .... The tle:tl,e_t_ (t#ld /he l'.ttH]l: 91 I'olili_ul fti_lor$' o]l]le .STm:e ,'t_e (Now Y_)tk: Basic ll<_oks,

1t.185); John M. I.ot4sdon, 77u, Ih'<_i+m I, f;o to Ihe _]hmn: /'rot:,:'!/Ipolh_ rind lhe N:ltimml hltewst ((2uilhrh+lgt ', MA:

MIT Pt,Pss, 1970).
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George A. Keyworth II ( 1939- ) was tliret Iov ot tilt' ()ttice ol St lent e and 'lk'chnology Policy and science advi-

sor tt> President Ronald Reagan between 19F, l and ltl_qll. Fornlerlv the heHtl t')I tilt + l+os Alanlos Sth'ntifi(

[.aboratot T, Ke,,_.','ttl th leteiv('d a Ph.D. in flue]ear physics fronl 1luke University ill l_+)t)8. He beg;in w()rk ;it lx+s

Ahllnos afler graduation alld ielnained there until ltl_,]. See "Ke;,_,`.'Ollh, (_eorge A(lllerl). 2d," (hiss'Pit Biog,+aphy

);,arbook I q,_%, pp. 265-68.

James R. Killian, Jr. (1904-19NN), wa_ president ot MIT between 1949 and 1959, <m lt%l`.re tlelween N_wenlber

1957 and .July 1959 when he _;el'ved _ts Ihe first presidential science advisor. Plesident Dwight 1). t".iscnhower

eslablished lilt + President's Y,cicncc Advisory C<mlnlittee, which Killian chaired, toIh_wing tilt' Sputnik ¢risis. After

leaving tilt' White t louse staff in 1959, Kitlian continlwd his work at MIT I)ut in 1965 began `.`.olking with lilt'

(:ol pt.ation till Public P.roattcasting to develop put>li< It'le`.isi<nl. Killian desctib<'d his expc_icnt t'_, m, a plesi-

dential ad;'isur ix,. Sputnik, Sciemi,ts, and l:'iwnhower: A Memoir o/lhe I'_r_t .gpc_ial A_i`.tanl t. the President/0_ S_,ieme

aml 7"nhnoh_,k,_ (Canlbridge. MA: MIT Press. 1977). Fol a distussion +_t tilt" I'resid('nt's Stiente Advisolw

(_ommittee. see (;]egg tlerken. ('ardi,,tal (?h.i_o',: _;_ie,,.e .-t_h4+e to the 15e,,ide.t flora llim_hima to SI)I (New Y<_rk:

()xfiwd University Press, 1992).

George B. Kisdakowsky (1900-1982) `.,,'its a pioneering chemisl al I latx;ud lhmersitv, associated with the th",cl

O[)lllellt 1)1 lilt' H[I)lllit" b(Htlt). _lll(I lltlel till a(t'*_)t ale Ill'l)_tllllillg Iltltle_tl Weill)(tllS. lie selved at+ St iellt+, ' a(t`.'isov Io

I'lesident t:+isenhowe] hom July lt,)5,q to tilt' end ol tilt" adminisltati_m, lie later serxett on tilt" iI(I'¢iSOl"+ board Io

the t'.S. Aims (kmtlt_l and I)isallnalnelll Agcnt'y [rt:qn 10()2 to l_.llit). See +",,)Tv }i_tl; 71me',, Detelnt>et _.L t_.IN'...>,

p. P,21; "(;e_)tge P,. Kistiakowsky,'" biographical tile. NASA ]tisl_+titill Reti'lent e (:ollection.

S.j. Kline ( 1922- ) is a met hanical engineel spet ializing in tluid nlet Santos. Edu(ated at Stani0rtt University

and then MIT. he has been recognized through a nlunber of awards tbr his work in his tield, th + has spent mosl

iff his Citleet its it proti'ssor at St;.lllfi)lZ] ix noted till his wtH+k lilt intt'rnal t]ow and ZOllal modeling of Ittrt;,ulenl

flows. See ,4mert_an Ab'_+ aml It'+town o[S_ieme: /qVX-109% 20th edition, v.l. ,I (New Providence, N_I: RR l:',owker.

19'99), i ). -1(;5.

ttugh J. Knerr ( 1887-I.q71 ) is recalled as +'aIll\ill III t omagc, vision, and organizational getfius `._ll_,st + `.<mtribn-

tions to tilt' eslal)lishlllent and shaping of tile Ullite(t Slates All Fi)rle are a ]t'gat Y It> be treastlre(I bv Ihl_st. ;vhl_

have llflh_v, ed ;l[i,.'I hiln." Knell gladtJatt'd liom the Naval At adt+In +',in It.iON and '.'+elll through lilt' l)tOgJatns ill

tilt + U.S. Altm Staff St hool. tilt' U.S. Almv '¢'.'al C.llcge. and writ<ms Silt'till scllt._Is in tilt' ,\i_ (;Oll)S. Ills mili-

tar'+ tart+er was spent lighting to get close to :.tit-[)]alles lind, once there, lighting to pt<+`.e theix u.ltlt. I,t'aving

the A_m} All (;tlrps in 1942, lie Ietllrlled tO selvict" and rose tll I)rigatlit'l gellelal ill lilt' [!.N. ,_tl'alegit" AiI I;ol( t's

in Etm>l)e. See ]ohll L. Frisbec+ ),lakel:_ o[the 15tiled Slah_+ An /'b_ce (Washington, DC: I;.S+ (;<werllnlCnl l'rinling

()ttice+ 199(i): IVho Wa+ Who in Amer++a 1%+¢2-19S5. '+'t>l.;q ((2hit ag<l: Marquis Who's Who, 1985);J<)hn. %. P,<)wman.

ed., Th+' Cambr+d, kre l)icti+ma+3 o[._mertcan Biog_tphy (Camllridgc, Eng.: CamlIridge IJni`.e_sil`. Press, 1!195),

Sergei P. Korolev (1907-1966) was tilt + chief designer of spacecraft and rot kets till the Novit'l spate piogvam.

hnprisoned by Stalin fi)r many }'ears, he ".,,,'amtinalb,' "rehabilitated" after Stalin's death il_ 193_:I. P,v 1945. he had

de'_chtped Ihe hmg-range missile, hi the 1950s lit" headed a design tt'am thai made im inlt'rt mltinental tmllistit

missile, l le later dil e<ted I]lc lannches tlf the [irsl satc]lilc, the filst single and tnulti-clev,' missi<)ns, mid the Soviet

human lut;at proglam, tte died ot c.nlplicalions during surgery iJl 19G(i. See "Setgei Komh'..," Ifiog_aphit al tilt',

NASA tlistoricat Reliwcnce toilet tion.

Christopher C. Kraft, Jr. ( 192.1- ), was a long-standing otticial with NASA thr.ughoul the Apollo ptog.a.n. I It'

ret eived ;.t bachelor of stlent e (tegree in ae]¢m.atltical engil_eering [ionl Vi]ginia Pt:,ly[et hnit and Slate I 'ni'..e] sit,,

in 1%1.1 and joined the l.angley Aeronautical l.aboratolw ot the NAt :A the next year+ In 1958, still at l.angley, Ill"

l:+c',atne a nlenl]:+c_ _)[ the Space Task (;roup devehq)ing Plt!iecl Mercury and moved wilh the grou I) Io I ]ouston

in 1962. I [c was flighl director ii>r all ot the Mert;ur'..' alld lllall}; tit the ( '-('lnilli IllissiollS ant[ dilecled the design

ofMission ('.(mtt_l ill the N|iIIIlled SF.atet tail (it'll[el. whi(h was renanled theJolmson Spate (]enlel in 1973. I It'

v_is n_tnle(l lilt' Manned Spatel ralt {_(.lllel'S de[:+ttt} dire¢ t._ in I':170 and its direr tol twI> `.ells }alel_ a i_osition

he held tuttil his itqilt'Iiit'llt in 19N2. Since then, he has lelil_lilletl lit live ils lilt il¢+I'os[)_l< e t+(HIMllt_tlll. Nt'e "Kilt|l,

Christophel C.,.]l.," i)iogtalfllit al tile. NASA Itismri('al Rclerence Collet liol_.
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Donald J. Kutyna (1933-) wets the comulatitl¢'r of the Air Ftlrte Space (;tluml+ultl ii¢)m Novetuher 1_187

thr<lugh Mmch l¢.)¢J(I. A West P¢linl gr_tt-iuatt', ill ]!IS2. Kt,t_,tl_l l)+:¢;tmt' Iht' tlt'lltlt _, t ¢llnm_tllder |_l sp:tce I_ltllit h

aild co,Hi-ol '.+ystems _ll tile S[)_ICC Divisilm of the Air Fluter" Svstt+ms (:lilliln_lild. lu lh+it l)ositioll, he ttmnaged the

milit,tttT's imrticipati¢m in tilt' Slmce Shuttle ])ii)grmll ;tti¢l _issUltlcd resl:,tlnsihilit_,' l_ir tht' Air Force's exl>etltl+il:+l,.+

lmult h vehitles. He It+is achieved tht' rattlk ol lit'ulellmlt _elier_tl, Sec "Kutvn_t. l)<mald," hiogral)hit:d lilt', NASA

t]isttlric++tl Ret+rel+ce (_ollettion.

I.

Chester M. Lee (1919- ) retired from Ihe I;.S. N_lx') it_ 191i5. I Its Nii"+_ ' t+treer ittthlded ;t wlricty ot guided rots-

silt' iirt,gtaul_+ such _ls the Polaris subm+triue-I_mu<'hed Imllistit missile. I le joitwd NASA as the chief of plans _tt

tilt' Missiou Ol>eratiotls [)irectorate +tnd later served _ts +LSsist+Int tnissi¢m dirt'¢ toe l_l Allolhl l I lind mission dirt't-

toe the Apollo 12 mid l'+. Hc was thetl nat+ned l+tligratn dheetor _tt N/kS,.\ lleadquarters lilt the Apollo-Soyuz Test

Pi'<pjt't t, Tht'se +is_,i_ilillt'nls were |i,lhlwed I>+ ,lil etlor of Shllltle _lllerations +liill thell ttire¢toi of ,_,hiillh' t'un -

llllnCl tltiliztitiotl {liid +elvict++, He t'eth'ed Itlllil _ A _+L_i i I ttt_7 it+ li:4_;i_'Ctill tl_,'_l)Ci+lle ;idnlini+tr;ltor tor ])o]il+) ', plan-

iihi<R, aild 1)O1) gtt_tir+ in the Ofllce <J Sl/_lte I:lil4hl. I le.j_+iiled SI_,,\(71';ttAI/, hie., ;it e×ecuti+e vile t>re+itleut mid

I_tter I;+ec_iliie i)Fe_,ideill ot the ctliilli;_tliV, Sec "i+ce, (.]hePGler ]\'[+," hhlgr_lllhit+il tilt', .N:\SA Hislllrical ie[i'icilt'e
(7ollecii¢ln.

Lyman L. Lemnitzer (18{1_.)-1988) was :t eraeel Arm)¢dliter x+'ho served its :\flUX vice ehit'f t)t stall (1957-59),

:\rin+ ¢ hief of _+t_i|:l (1959-i-;0), (-h_iirin_tll ot the .llmu (;hit't_, ¢_1St_lft (1¢.tliit-62), tumm:mditlg geiier_tl tit U._.

I:orces iii l+]iN-ol)e (19ti<2-(itl), _tiid Sllt>rente allied t <liittti_uidt'r in i']ttr_+lie (I{)ii?,-lit.t). St'e Willimu (;;irtltler Bell,

(;++mmf+tiditt_ (i+,+leP:t[+ aPld (.'hie/+ o] Sttt[]7 l+fJ+t_tiil+ _._ tJi++A.P+i/s/ii+:d +%lv,t<he+ (\V+lshitlgtllll, [)(]; (]enlel tl| Militai 3:

ttisl_>t), 1982), i ). 132: New )7+#k 77me+, Nlivellit>el 13. 19<_8, t I. 4.i.

Charles A. Lindbergh (19ll2-1Gl74) wits _ill eral,, iixi_iilli +_llll gmiied t_illit + its Iht' lirsl l)il<_l 1<_tl) solo across the

All+tnlit ()lentil ill I{127. tits t)uhlic P+l_tlliie lidh)tvill_ tliis flit4hl w+is _lit[1 lh+ll tie t)ec,tllie _tll ililpllrl_ilil vt)i(e t)ii

heh_ilf <)t _tert>si>_ite at:tivities unlil llis de_illi, tie served i>ii tl '+'_ilielv tit n+tlioll:+tl ;_ind itllelii_llil>llitl I)<)_lrd_+ _uld

tl)tlllliiltt'e_,, illt hltihi,_ Ihe centr+tl t'ilniiliiltt'e ill tht' N..\(;:\. t It' I)e¢'_tliie ;_tn expatriate living ill l']ilriil)e, I_lltow-

illg the kidmtl>lliul4 _md niurtlt'r _t'his Iw<_-ve+lr-_+l+l s_>ii ill I ti_+,2, hi l{urol>e, <luritlt4 iht" iis_' ot iiist istu. l+mdherl4h

itssisle(I :\ilieiit'+iil +l+iatioit _ililhtililie_, h v llr_ivillitit4 illeln wiltl ili[orni;llillli _illlitil Etit'l>iit'+iii it'( hilohlgital devel-

Ol)liletil_,, :\l]t'l 193li, lit' w_ls Csl)et:iall): inilllirtiliit lit W_lillitl,,_ Ihe I _ilitetl Siitle_, ol lhe ii_t' ot Nlt/i _tir \lowell Pit+

assistt'd with the w;ir eti_li-t ill the l+4()P+ I)) ser'+'illg ;Is _t cl>n<-;llll+liil Ii) it'+'iltli<lli tlillil)iiliies +llltl lhe governlncnt,

itiitl iltit+i " the w_il, lit! lived quietl) in (]onnc< liciil tiiid Ihelt I lawaii. St't' \_,'_lllei _, R(iP+P4,771+' ]+fill /[:l++." (;haPles A.

l+illtlDeP_,h (New Y¢>rk: ll[irpcr ,g+-Row, 1967).

Robert Lind.strom,j<_itled NASA's Marshall St>_tct' Flight (]enter in 1960 _lt its t'slithlishillent _liid became tile l)iti-

gi_iiil inltll_iger [i>r ill+.' STIttlrlt [,lIB laulich vehitle, tit' wlls il_llllCd det>tii ) lii;lll_igt'i i)| the ._t)ac'e Siinitle Prt_ieci

Ottit'e ill M;,ir_+htil] ill 1(.)72 _tnd x'+'_i_,n;.uned iii_iil_igcr ill It.17,1. _t'e "[Jiidsll'l>tii, Rol)erl>" hh_gr_tt)hical tilt+, NASA

tlistorit +tl Rel{'rent'e (]olleelion.

j. Wayne Litdes ( lt):+it.t- ) rect'ived his Ii;lchel¢_r'_ degree ill nlelh_lnital enl4int'ering h'<,m (;e<_tt4ia 'l_'t'li in 1962.

lh_li _;tliie _,e;ti-> lit' t)et_ilne _tn ael'¢l_i|);it t' ell_ilieei wiih ]{i)l'l{eld),lie ill (;_tlitili ili_l. \Vhih' Iheie, lit' wllrl<ed till the

S_iluiii I_iiiiich vehit'lt' entitle+4. After rt'teivillg hi_ lii_i_lci'P4, iii the P+_tiiit' []etd, ti-oni the [Tniver_it) i)f _lllllht'rn

Calit_rllia, llt_ w_lrt.t,d ti>r Teledyne t+,i'_lwil l_]llgiileering in Ihint_ville, Alahanla, a_ a re_eln-ch en_iileel: Hc

.ioined NASA i,, It.tit7. nl<)vinl_ rapidly itlt_)tigtl the l'_tllk_. P,e_iiiliint4 a_ _iti ent4illet'i in the t;¢_rtlier Prt>pul,_itltl _lnd

Vehi(lt' [ill,trier'ring l)irector_lte, tit" w_l_ _ll)poiiltcd de|)uty diret'tl)r <l| the _,l_ir_hall Space Flight (]enlt-r in 1989.

lit I ¢._94. tit' wlt_ it_'_i_lied to HAS:\ []l.';idqu_irler_, _i', i hit-[ell_ilit'el; | +;ilel Ih_li _,t'iti, he w_t,, nttined _i:_P+llti:+tle ;ithliill-

i,,li_il(ii t_lr the ()ttit:t+ ¢_1_l)_lce Pli_hl. In t';it],, l{){itT. 1Jilh'_ rt'lliriit'tt l(i _l_ll_ll_lll tit4 the (eltler'_; eit4hlh dire¢i_li;

tie rt'thed tr_nl NASA lit 1997. See '+l,ittle_.J. \V_t_,ilt_," hiogTitllhital tilt', NASA t|i_t<_rit ill Ret_.'_enct' Colh't Iiou;

"l)i:.]. "_Va_lle l,ittlc_," hiogr_ll)h_,', Mar_liltll'_ NASA tti_torical Relt_retlt't' (_otlel item.
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Alan M. Lovelace ( 1929- ) was Ii<_vn ill St. Petersbttrg, Florida, and was edttcaled at the University of Florida

in (;aincsville, receiving a bachelor +`it science in el:tern|sty, in 1951, a mastel ot s_ ietlt'+`" in _llganic t hetnistp,' in

1952, and a I'h.l). in organic chemistl-y in 1954. Shortly after the end _)[ 1he Korean Contlict, he set+,'ed in the

U.S. Air Fll+`ce front 1954 t+`l 1056. Th,uceaftet, he began work as a government scientist al tilt" All F,_JI+ +̀`'Matet-ials

I+aboratorv at Wfight-l'allers+`ln Air Fllrce Base in Dayton, ()hill. lnJanttafy 19t;4. h,r was has`nell chiel+st it+nlisl +`it

the lall+`_,at+`ifv and then its directol in 1967. hl ()+` tober 1_+172, I .+`lvelat e was naule+`l tliv'ect+`ic el scicntc and tech-

|loll`iS,,' l<Jl" tilt' .+kit Fierce S'+'mtt+ms (]olnmand at Ileadqttarters, At+dcews ,-kit F_ct c Base, Marvlattd. hl Sepleml>er

1973, he bt't anle the pnincil)al dellUt _, to the assistant set |et_wv _>I the Air Fl_vce Ibl neseaf+` h and development.

hi Septt'ltlbcf 1974, he lett tile Departnlent of |)el+rise to become the assll+` iatt" alltnin6stcalc_f _>t thc NASA ()lfice

of Aefl+lta+`ttit s and Space Techn+`llohw. With tilt' d.<.'part+`lre +`_| (;e+`_lge Low as NASA dt'ilU _' administrat_+f in Jtm+`"

197t:,, I+t_xelace became dep+`tty administrat<_r, serving tmtilJ+`lly lgt'll. He retired fioln NASA to accept a lies|titan

as corporate ,,'ice president--science and engineering with the (;enera] Dvnantics Cltrporation in St+ L<t+`lis,

Miss<rots|. See "[,owqace, Alan M.," Deputy Adnticdstrator files, NASA Histc, fical Ret+,'rence cllneetion.

George M. Low (1926--1984L a native _lf Vienna, Austria, came to the United States in 1940 and received an

aer+`_nautical engineering dr'glee fllml Rensselaer P<llytech+tic htstilt+ttt + ill 1948 and a nlaster el science in tilt'

same field Item that scho+`ll in 195<). llejoizted the NA(k_ in 1949, and at I,ewis Flight Pr+`_pulsion Laboratory,

he specialized in experiulel+tal and the<lrelital teseafch in sevelal fields, tie became chief Ill manned spaceflight

at NASA | leadqualtels in It.158. In 196<1, I .l_w t haired a special eomlniltee that tbrm+`llated tile original plans fi,l

the Apolh_ htttar 1;mdings. In 1964+ he becalne deputy director +`if tilt" Manned Spacetratt Centel ill Houstl>n+

Ihe tbt-ettttHter of tilt' Johnson Space (]etttt+f+ He I)ecamt" depttty adnlinistralll+` tit NASA in 1969 and served as

a+`tittg adw_itlistratllr tiom Iq70 to lt.)71, tie retirt'd Ir_lm NASA in 1976 ttJ llecomt + president of Rensselaer. a

position he held ttntil his death, ht 199[1+ NASA fenatned its quality alld +`,xcelletlce :tvtard alter him. See "lxlw,

(;. M.. +' l)epllt,, Administlatt_l files, NASA t tistorit al Rett't+`'nc+`" (]l+lleeti+`lll.

W. R. Lucas was the direct<_l ,_1 NASA's Marshall Space Fli_h_ (]ettte+ [ron] 1974 tl_ 1986. I It" pla_.+ed a ke;' r+`_le ill

tilt' devel<ipnlent Ill the Saturn V rocket a]id till even gl'eatel lllle ill lilt +develollnlenl el the Spa+` e Shtlttle+ I+IlCaS

was with NASA [_lt- mort' than thirty years I+efi_re his t'etilenlent in lt.tSli. See "latcas, W.R., +' tfiographical file,

NASA [tist_wicat Ret_'cetwe Collection.

M

Richard C. McCurdy ( 1909- ), an engitwev specializing it| ]],elroleltcn, was associate administrator flit organi-

zatit_H and Ina_taw.'rnenl at NASA |[eadqt_avlers in Washingt_n, D.(;.. [toH_ 1970 t+`_1973 atv'l a consttllant t_> lit+,'

ag, etlt s titre; 1973 tt_ 1982. See '+Mc(;ux+dv, Rich;trd+" Ili,)glaIIhi_ al lile, NASA ttistorit al Rt.tevent e (;<_llcetitm.

Robert McFarlane (1937-) was I'vesident Reaga,l's nati<lnal security advisor tlonl ()+`tobef 1983 to Decemtler

t985. Prior to that lib)sit|on, McFaflane had I)t-cn deputy to his predecesso_ William Clark. t_tmst'lor to

Alexander M. Haig,.]f., whell he was secrelatv of state, a member ill tilt' stall ot tilt + St'llalt + Alllled Services

(]<mll]littt'e, alld rail|tar,, aide to t lenty Kissingef when he was national sectllitv a<l,,is<w t<_ Prt'sidenl Nix_ln. An

Am_all_lis graduate, he t_lnlmanded the first U.S. Maritw batter'+ t<l lat+d in the Republic Ill South Vietn;ltlX, and

he contplt'ted two tours there. Along with Oliver No_'tlt, McFatlane is tonside_ ed a kt') tigure in the h';tn-(]tlntva

scandal of the earh 1980s, it_ which arms weft" se+` rctly traded t_l hatt ill exchange t_+l hostages, and resulting

ill_lnit+s x'_el'e lullllt'led illt<) lilt' illegal sllppolt el Nicamtguan Contras. Alice il lengthy investigation. McFallane

was t()nvicted o| unlawfully withholding int_lrmati())t I]-()ln (]otlg)ess ah()ut his and N())I]l'S (]()))t)a-Stlpp<)l+t activ-

ities atld abt>ut the solititati_)t] el Ik)reign funding fi_ tilt' (]_+t+tras, although ht + was later llat'd_)n<'d llv Presidetll

l_,ttsh, See |F/m\ L17uJ in Am+'z++`rt 1984 1q85, 4.'|Id cditilln, '+t_l. 2 (Chit ;iS<>: Marlluis Wtto's l,¥h_l, 19S5).

Robert S. McNamara ( 1916- ) was set celm'y i>i del_+nse dt_rit]g the Kennell_+. ;utdJohns<_n adnfinistrations fi-om

191]1 t_l 1968. |'hereafter, he sep, ed ;is president i)f the W_rld Bank, where he temail]ed until felifemcnt in 1981.

.-kS se+` letal_+ o| del_'llSt + ill 19(,I, McNamara was inlimatelv it+,,olved ill the pltlcess of apprt>ving Pf_!Wt t Apollo b',

the Ke+tnt'd+ athllii6ntlati,_tt. _'t +"McNamara, Rol>t'tl S(tlange)," (,'+++++'+stl+mL,+:+/Jh_ );',+l++00k I<)87. llp II)_-:-I 3; lohn

M. l.llg',d_m.The D+.+i',irm lfk (_¢+IL) 11,'+"MooP+: t+r,,]e+`(,l,pol1++_tn,'_ lh+" ,\'(lliolt_11/+tl++_+l (( ]anlbtidge, M.\: Mfl" Press, 1970).
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FrankJ.Malina(1!112-1!181)wasayoungCahechPh.l).studentinthe mid-19"!,0s when he hegan an aggressive

rocket research prograln to design a high-altitude sounding r<)t'kt't. Beginning in late 1936, Malina and his col

h+agues started the static testing of rot ke! engines in tim CallyOtls al/ove the Rose Bowl, with mixed resuhs, bul a

series of tesls eventually led to the development of the WA( :-(]orporal rocket during World War It. After tile war,

Malilla wl)rked with lilt' United Nations and eventually, retired to Paris Io pursue a career as an artisl. See

"Malina, Frank J.," biog+aphica] tile, NASA llistorical Retkqc'nc e (]ollection.

Myron Malkin (1924-1994) was dilector of tilt' Space 5,huttle dmelopment ptq_gvam tr<ml 1973 to 1980. tM'ter

serving in the Marine Corps during World War 11, he earned M.S. and PhD. &'glees in nuclear physies fi'om Yale

University. Dming tilt' 191it)s, tie w<,ked Ibr General Ele¢ tric on missile and launch vehicle progrants, as well as

on the Manned Orhiting [.ab<mmlP,; which was never built. In t972, he was named deputy secreta_' of defense

for intelligence.._dter lie retired t'ronl NASA in 1980, he worked fbv Faiwhild Industties and estahlished his own

aerospace c_msultillg 1]Fill. See "Malkin, Myrml," hi<>_iraphi_ al lilt', N.\SA l listorical Reference Collection.

Hans Mark 11929- ) hecame NASA deputy adminismm_t in Julx L981. tit' had i)rcviously setwed a.s secretary

of the Air Force hmn Ju b, 1979 unlil Fehrualw [98[ and as trader secretary ot tiw Air Fotce since 1977. In

Fehrtlar_ 19ti9. Mark he( ame dire( (or el NASA's Ames Reseavt h (;enten in Mountain View, California, where he

illallaged the ( ellter's lt'seaFC]l and applications etto0ts ill aerOllalltic's, spate sciellce, lilk • science, alld space lech-

noIogr',. Borll ill NJallllheilll, (;eFlllalIl_.', he caaile to the l Ttlited Stales ill 19111 alld hetanie a citizen in 1945. He

received a Ph.l). in plp.sils tiom MIT in 195,t. Ul)On lea\ins NASA, he became chancellor of the Universi_, of

'['exas at Austin. See "Mark, tlans," l)eputy Administlalor lilt's, NASA tlistorical Ret_+renc e (:ollection.

Robert P. Mayo (1911i-) was an economist and President Nixon's tirst director el the Bureau ot the Budget. On

Jul,, 1, 1970, whell the Bureau of the Budget was relala(ed with 1he ()1lice (if Managemellt and Budget, Mayo was

shifted to the White [louse as a presidential assishmt. Shortly thereafier, tit' leti Washington to assume tile president y

o[ the Federal Rcselwe Bank of Chicago. See +'Mayo, Rolwrt P(_+vlet)," (.rurt_'nt Biol.?aphy Yeadu+ok 19711, pp. 282-84.

Elliott Mitchell earned a B.S. m chemistr_ from William and Mary in lq41 and sel)'e(t trom 1942 to 1950 as a

physical chemist and cheulital engineer in the l)epartnaetlt of tilt" Navv. Fl'Oltl then until 1958, he was physical

st'ielices afhtlitlisllalor atld lhell thief of propulsi<m lcsuatth and devt'h,ptnent ill lilt + Navv's Bllreall ill

()rdttam e. In 1958, he joined NASA as chiet ot lilt + s_>lid iocket dt'vel{qmlent t)t<>grant. D,'hen lit' h'tt NASA in

1961. he was assistant director ol tnannetl spa(cflighl plogiams for prolmlsi<m. l+hereallet; tat' becatne a con-

suhant. See "Elliot( Mitchell," hi<lgraphical file, NASA tlistm-ieal Re['erellce Collet liml.

Walter E Mondale (192H- ) was tile t:.S. Vi<e Ptesidt'nt itndcl President limnvv Carter (1977-811. lie ran lor

President llimself in 1':184 hut lost Io illcllnlhellt R_matd Reagatt. Mondal,,' setxed ill tilt + Sellale as a DelllOCt-al

from Minnesota t'rotn 196+I t_ 1977 and was considered a harsh critil of lar,,,s,e technolog T programs such as the

Space Shlttlle. He also served as the Clinton administrali+m's ambassador lo.lapan. ,"get' "Mondale, Walter," bio-

graphical tile, NASA ttistorical Reference (;.llection.

Jesse w. Moore ioined NASA's It't Protmlsiml l+ahoratotw in 19t:,6 and worked ivl a variety of areas, tie went lo

NASA Headquarters in 1978 its deputy director of the Solar Terrestrial Divisicm in tile ()ffice of Space Science.

ln.lune 1979, he was apl)ointed tlirecl,m' ,cd the Space Flighl Division. and in l)ecember 19gl. lie became direc-

I_)l" of the Earth and F'lanetarv Exploration Division. In Apt+il 198,4, he assumed the position of the ass<wiate

adlninist_alln ti)r the Office ofSpat e Flight. tte was tlatlled direct_w ot the Johnson Spale (;enlet mt.]anual), 23,

1986, where he remaitH'd until re_tssignnlent to the general manager in ()ctoher 19,_ti. After the ('hallengeraeci-

dent, he resigned tioln NASA to hecome the director ot program developnlent with Ball Aerospace Systems. In

Aug;us( 1993, he hecame the vice plesidenl c_! Washinglon operalions at 1:',:t11. See "Moore, Jesse W.," hiographi-

cal tile. NASA l listorical Ret;:'rence ('ollection.

Thomas S. Moorman, Jr., cotnnlanded the Air Fmcc Space (;<mmland Irotn 1990 Io 1992 and then assumed the

position ot vice tOrah\antler until 1994. From Ihen until his retirement ill 1997, Mtlornmn wax \ice chief of staff"

at the 1.'S. Air Force Headquarters. A driven individual, Moornuua has exhihited great leadership, vision, and

c<munitment to ad_aneing all levels of U.S+ presence in space. He attended Dartmouth College, reeeived his MBA

tiom D&'slern New England College, and his M.A+ ti_ml Auburn 1.Tniversitv. Moorman's vision tbr the fitture of the

Air Force is <me tolal]v inlegrated with Sl)aee(l-hase<l syslems, limn lonmntni(atilms to laaappillg tl) evenlual spate

weaponr?,. Bet_lre serving ill the Space (_tlllllllalld, he worked as an intelligence _fft]cer and all of:,eraLions off]t:er.

See "Moorman, Thomas S..lc," biographical tilt', NASA t listorical Ret_'rence (;olh'clion.
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Oskar Morgenstern (1902-1977) was a (;ernmn-born and -trained economist. He canw to tilt' United States in

192:5 and worked at Princeton University atier 1938. becoming the tirst director ot the Ecom_melric Resemch

Program tht*re in 1948. tte ti_unded and headed Malhematita. Inc.. which provided etontmfic anahses t. gov
eriiilleil[itlldindtlslrv,

GeraldJ. Mossinghoff ( 1935- ) joined NASA's Ottit e of General Counsel in 1963. lit' transtiwred to the U.S.

P;IIt'IIt Otfice for a hriet lime and then returned tt_ NASA in 1967 as the director ot the Congressional l,iaison

Division. In 1971, he became deputy assistant administrator (policy) in the Office of Legislative Att_dls, and in

1974, he was appointed assistant general counsel of NASA. From 1976 to 1981 he was NASA's deputy general

tolmsel. Mossinghoff left NASA in 1981 to join the U.S. Patent Office as patent commissi<mcr. Hc resigned in

1984 to take over the presidency of the Pharmaceutical Manulacturers Association. See ",Mo_singhott, (;er_dd I.,"

lily,graphical lilt, NASA Historical Reti_ren('e Collection.

George E. Mueller ( 1918- ) _as the associate administrator t_r NASA's Otticc _t Manncd Spate Flight from

19113 I_ 19fi{`). As such, he was responsible fi.r overseeing the completion of Pr_!ject Apollo and beginning the

deveh)pment of the Spate Shttttle. tit" m_>xt'd to (;eneral l)'¢ttamics ;is selli4_r vice lnesidetll ill 1969, where he

temaiHed nntil 197L. He then t)ecame president of Systems I)evelopment (]orl)oralion (]{`)Tl-,qI)) alid then its

thair and ct,rporate executive ot_lict'l (1{`181-83). See "'MIlellel, (;eoI,gt' E.," bi_glaphit al tilt', NASA llistovit;d

Refk'lent e ( _olleclioll.

Dale D. Myers ( 1922- ) served ;IS NASA deputy ;t<tministratol from ()clober 1{`186 until 191_{`). lit' was also lilt!

associate administrator tor NASA's Otlhe of Manned Space Flight from 11`t70 to 197,t. From 1974 to 1{`t77, he was

a vice president at Rockwell lnteHmti_nal and prt_sident _1 North American Aircraii (;roup in El Segundo,

Caliti_rni;c Then he was under s/'t it'lltry tffthe U.S. Departmenl ot Energ) ti-om 1977 to 1979. Earlier, Myers was

vice president and program manager, Apollo Connnand/Servite Module Progratll. Ntwth Anleri¢'an-Rockwell,

lrotn 19(i4 I_, I{`11i9. From I{`)(i{`) to 1{`t70, he served as vite president and program manager, Space Shttttle

I'r_gram, Rockwell lnlernalional. Atler leaving NASA in 1989, he relttrned to private industry. See "'Myers,

l)alc 11.," I)eptUv Administralc_v liles, NASA Historical Retierence Colleclion.

N

J.V. Naish (t{`12{`)- ) was the president of (]Ollv;tir and flw senior xite president t,t General Dynamics

Corporation. tit' was an :lilplane executive who had als_ been the dile<l.i ot Mcl)onnell Aircralt. See 1"(h,i_ lV/uJ

in Ame_qca 1964-1965, 33rd t.dilic_n, vtd. 2 (Chicago: Marquis Who's Wh., t{`WJS).

John von Neumann (19(13-1,{,151,)) was a tamous, brilliant mathemafiti;ul _uld head ot Princt'ton [!ni',ersilv's

[nstitule tbr Advanced Slud'v. tie received a diploma in chemical engineering fiom Zurich's Federal Inslilttte _l

Technolo_,_ and a t'h.D, in m:tthettmlics from the l_!i|iversity ¢11 Budapest, both in the same yea_; [)uring World

Warc 11. tit" hclpcd huihl the :m_mic bomlx He later envisioned the cOlnl)Ute+ :is a highly flexible logit machine,

helping pave the w;t'v' t))l l)reselll.-d;i} ' C()lnl)lllel'?4. V(in NeuII/itllll invenled ill le:_;t three nt'_ fields: cellular

;tlltonKtt;t theor+ (showing how inanimate ceils tall be iH_l<le It, I)ch;txe ;Is it the', +_ere _lixc), g;tlll(' lllt+_>ix fmath

ill the art ot decision-making), and the study ol the simitalit} bctwec_l mitlds at+d c_)mpHlet-s. See "V<>n

Neumann,John, +' I>i<_graphic_l file, NASA tlistorical Roll+fence Collection.

John S. Newton ( 1908- ) is an electrical and tnechanical engineer arid preside_fl ol Newt<,n Engineering. 1 It'

previot_sl,, worked tbr Westinghouse Electric as well as Baldwin 1.o<omotivc Works, fi_r whith lit' bctame x ke

pR'sitlent t)t the l_oc()ntotive Division in 1951. His work centers on future technologies and al)plicali_)ns, suth as

:l]|erllille s()[ll(eS ot ellelg_; ()1 the IllilllUl_lt'tUl'illg ()[ hyl)rid diesel-electric cars. See Americ<m Me, and W, me, ./

._rie,re: 11._98 1099, 20th e<tifi_n. _ol. -_ (New Providence, N_J: RR Bowker, 1999), p. _23.

Richard M. Nixon (1913-1994) was the thirty-seventh U.S. President bctwcel_ Janltary 1969 and August 1974.

Early in his presilh'm y, lit- ;qH_tfin_ed a Space "Iask (;roup trader flw divc_ fi_n otVit c Plesident Spiro T. Agnew

to assess the ti_tUle oI spacetlight in the natiott. Its report rec_mm+ended a vigt_r_+us ii_+st-Apolh> exphwation pr_+-

granl ctthnilmtit_g in _t hmnan expedition to Mars. Nixon did not approve this plan, but ht + did dt't i<te in tip,,or

of building one element _>t i_, the Space Shuttle, which was ;qH)roved on January 5, 1972. See Roger D. I.atmitts.

"NASA and the l)ecision to Build the Splice Shuttle, [969--72," The Ilistoria, 57 (Autumn 1994): 17-34.
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Robert G. Numa, Jr. (1917-ltJ75), earned a law degree trom th<' (h,livep;iLv of(;hicago ill 1942. After |our VPaFS

in the Army during World War II, then prixau' plat|ice ot law t;:)r eight years in Washingt<m. D.C.. and in his

hometown _>t"Terre I+laule, h,ldiana, he joined thc Air Forcc ()lfi_t' of (.cnetal (:ounscl in 1954. lit' became

NASA's assist,i`itlt _enelal Clllll,lSe] in Nov'`'mbcr 1958 an,ll then '+lice|at ass|stall| It) 1". K'`'ith (;I,.'nnan in Se]m'mtxw

1960. He helpcd duat't many legal a ,idlniu,li'qrativc rvRulati_ms tor NASA, and then he _r_'_ t(_ work fiw the

Washington law firm of Sharp and Bog, an. Late,, hc h.nu'd till' Ihm ol Bal/'`'ll and Nunn, spe(iali/ing in vne_-

g,]. Icgislati<m and administrative taw. See '+Ntmn, R.(.., .It.,'" biographilal tilt', NASA [listorical Rcfi'rcntc

(i_dh'ction.

0

Hermann J. Oberth (18q4-1989) is one ot thv thrt'c tt.coRni/cd latht'lS _d'spacellight. A Trav_sylvanian b,. l,lirth

but a (;('lllli,lll ill I'liP_lhmily };mirage, hi' wan educated at the l.'nivcrsitics _d Klattsenlmrg, Muni`l:h, (;(+ttingcn,

and ]leidelb<'rg. lli'+ dot t_)ial disscitathm lwing l+:jcctvd |lC< aust' it did nc, t fit into an', established scientifi( dis-

ciplinc, hc p,l,lblished it p_ivatelv as Die J+akele zu tie. lJhll.'te.lt+um+'. ( I'1: t_.+uk+'t |.to lnteq_la.eUt_), ,'_mte) ill l tJ23.

It and its expat+ded version, titled D,hy+ to 5,_m++fli/zht q2 < set finth Ihe basic principles (l| spaceflight aud

directly inspired `i,i ,ly subs,:q,lu'ut spaccilight ilim,lvt'rs, including Wcrnher 'am Braun. See his "Hermanl,l

()llerth: From Nix' 1.ili'" AsltolmUli:s, ltme l!l:->':.), ]`ip. '3_-39. IO()-[R_.; l:tank '_Nintl'F, I{mket+ |.to ,Space ((2+mlbridRc,

MA: | tatvar'`l Univcrsit?, Press. 1990), pp, t7-25: l tt'h'n B. Waiters. tt_*¢m:tlt. ()berth: Fat�tel o/,gp.ce "l}m,el (Nc,a

York: Macmillan, 1962).

Bryan O'Connor (1947- ) headt+d the Space Shutl['`" pl-ORHm at NASA |lcadquarlers [i'(ll,l,l 1994 tc_ 19t.tl'_. lie

was an astronaut horn IllS0 to 1991, comn+atidinR a Spat c Shin|lit mission it+ I_.)91 and pil<_ting am)lht'r in 19_.

l>ticw to that, It,.' ,,++as a Ma, rine Cotl:,S pilot. In It)91i, NAN,,\ awatdcd him thc Exceptiot`lal Scrvic,l' Medal. lit'

rt.siRned htlM NASA that same y'`'+tr. S(+( • "()'(+(HIII(II, M_!ior Brian 1").," biographfical tile, NASA Histo,lital

R'`fferencc (;ollection.

Verne Orr (1911_- ) st'rvt'd as sccrelat", td lilt" ,\it" Force h<m+ 1_.18[ to 19,q5. tic tet lived a mastm's deglee in

I)usim'ss admitfistration from Slallf(>td Uni,.ctsilx in I_J39. Atttq ser,,ing in World "+Vat II and working in th(" t.tln-

il_ car dealmship, hc s<:t",cd it,l Califi)rnia Matt' R<:,vrmncnt fiont the mid-1960s to |hit' mid-1970s. I.'_om 1.q75 tt_

1980, he taught go_,t?rl,lt,l,l('l,lt tinant'`" t_)urses at the t mvcvsity ot SOllth'`'lII Calitornia. See (;.eorge M. Watson,.lr.,

,Se_etaru,_ attd ('hie]._ oI .'_taj] ¢!/ the 15_iled States Ai_ F_,ne: Bi.q_l.pt+i+al SkeU he_ amt l'mtt.it_ (+,,,Vashfington, D( i: Air

Ig)tt e ttistoiical Support ()tlicv, lgt.lg).

P ....

Thomas, O. Paine (1921-1992) was appointed <:leF,,itty administrator ol NASA on .lanuatT 31, 1968, Lrpo_'_ tlt,. +

tt'tit'cment of.tames E. Wt'llll _m ()ctolwr 8, It.|i+8. l`le was named ;`it ling adminisnat<_r t)l NASA. He was [rumi-

nated as NASA's thmd admimstrato_ _m Maroh 5. 1969, and c<mthmed by the Senate on March 20. During, his

leadership, tilt' []rst st'Vtql Ap(,l]lo I,l,l;,llt,l,led missions IVClt' It(twit, ill ",.vhli('],l [Wt'IIIV ;[Stl'(llti,ltllS orbited Earth. timr-

tt't't,l ll'aVt'Icll to lh,l" Moot,l. and fottr walkc,ll Ull(m its smlacc. ] [l' resigned hom NASA mt St'pt('ml)cl 15, 1970,

1(7 rctuvn to thu' (;(qH'tal F.h'(tri( (]ompan,, in New York (',it)" as vicl' pr<'sidcnl and ,l+xec,utive o1 till' Pov-.'et

(;enctation (;to,up, whl('l(' It{' Fcmainvd unlil 1976. In 1985, the White |hmsc _lmsv Painc as chair oft National

('.m'nmissio_; or; Spat'(' It) pWllare a rVll_>rl _m tI,l<' hll,l,lre o[ space cxplolali_>n. Sint(+ l('aving NASA I]|tt't+ll \'cats

l'atlier, Pain(" had llecn a lit(:h'ss spokl'sperson ti)t ;li,l expansive ,,it'w ot what ++h,>uld I,l<+ done in spacc. The t'ainc

(:ommission t()ok InoSl ()| _ii yUall t() ptcpaut: i_s _'t'port, largely |)ct'a,lls(' it solicited public input in hea_h_gs

througt`lout the t!nit('d States. The r('port, t_i_meel'+lt_ the ,S_:t+e I'}lmli,'l; was l,lttlllishl,pd h,l a lavishly ilhustFatcd,

Rlossy t_rlnal in Map, ltlNI). It t.S[lln_scd at "pionet:rinR r+`li,+;sion |_)r 21st t,t.lltltiy Antmila . . . t(i lead lilt' t'Xl,llo-

l+_tiot,l al,ld dcvcIo|,lltlt'lll <_t the spate honticr, i,ld'¢ail(il R st (' it' techn<)log '_, allld l'lllt'l+],iris¢, add b,ltildil,lg insti-

lllli()llS all(| s,}_,lel+l,lS t]l_tl l`l,lak(' a(ccs>,iIllc vitst I,I('D.' ll+s(i,lll(t'F, a,lll(| stlpport hi|man sctt]ernenls beyol,ld Eatlh (_tbit,

h _ml the hfighlands c,l the Moon to ti,lc l,llains _+i Mars." The rc|,l()rt also c(,inlaint'(l a "l)cclavatiot`l filV SF, aCe" that

includcd a lational,v liar cxph+i in R and st-t g lu' solar s_,stmn +lltld outlined a ]<)l,lg-l+,lll_(' space |,irogr+ll`ll till I]II'

(nitcd Statcs. Sly RoRtq D. l+aunius, "NASA and the I)(,cision to Build lhc Spacc Shlttth', 1969-72," The ll_stmi:u+

_'+7 (Aut,ltmt`l 19<.+4): 17-3,1.
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Gary Pagon has been deputy associate administrator ti)r what is ,row known as NASA's Ottite ot Aem-Spacc

'Ii'chmllog 3' since 1996. In this position, lie oversees a variety of tcchnoh)g?, development activities lin tuture

space transportation systems. He joined NASA in the spring of 1995. Prior to that, He served tor more than 23

"*cars in the U.S. Air Force. In 198.'5, he flew aboard the Space Shuttle Discove73 as a payload specialist and latm

became the deputy fin technolog T in the Ballistic Missile l)et_mse Organization. See "Payton, (;arv," hiugraphi-

cal flit'. NASA tlistorical Reterence Collection.

G. Edward Pendray (1901-1987) had been a proponent of peaceful uses ot rocket power since tilt- 193Os. [h-

joined lhe staff" _11 tilt- ,\_t, }b@ Iterahl 7)'ibune in 1925 as a l'eportt'l; lalel f)ecomin,g scit'nt e edits. In I.q'_/i, he

joined the Westinghouse Eleclvil and Manulat luring (:ompany as assistant to the prcsidem, whtqe he rt*maim'd

u,,lil 1945. He then opened his own mduslrial puhlic relations firm, Pendra_ & (;mnpany. He was senior part-

net there until 1971. Pt'ndra,, was the finmder ot the American Rocket Sot ielv and wrolc se,,mal books, includ-

ing his 1947 work, The ComingAge oJl¢ocket Power: See "l'endray, f;. Fdward," biographical tilt', NASA Historical

Reterence ( 'adlecfion.

Wilton B. Persons ( 1896--19771 was a career Army otlicer who had entered the U.S. Army Coast Artillery in 1917

and advanced through the ranks to major general in 1944. Hv had served in the :Mlied Expeditionary Force in

Wmhl War 1 and in Europe in _;orld War I1. th" headed th<" Office of I.cRislati',e 1,iaison Ior the Department ot

l)etk'nsc between Iq48 and his retirenwnt in 1949. lit' was tailed hack t_ at live duly as a special assistant to

(;enelal Dwight D. Eisenhmver at Suprenm lleadquarlers of Altied Powers in Europe fiom 19F_l to 1952 and was

a_ lb.t" ,m hehalt of EisenhmveI's presidential t ampai,,.In in 1952. He bec;m,e a dvpm?, assislant to Eisenhowel in

19"_.'+; and then was made an assistanl to the president in 1958. lit' ser',ed thrcmghout thv Eisenho'_u't inesiden-

cv, handling congressional liaison betine tit- t't-placcd SheNnan Adams in 1958 as Eisenhower's chief ot stall.

Rocco Petrone ( 1921_ ) was heavily involved at NASA with the developnmnt of the Saturn V hoosier used to

launch Apollo spacecraft to the Moon in the 1960s and early 1970s. fie worked at the Marshall Space Flight

(k'nter and hecame iu_ director in 1973. lie left Marshall in 1974 fi_t a position at NASA Headqu;ulers in

Washington, I).(L. in 197t and retired liom the agt'ncv in 1975. lie then belame ptesitlent and thief executivv

tdlicer o1" the Natitmal (:enter lot Resoulcc Recovcp,'. See "Petlonl', l.t. C_d. Roc( o A.," hit_graphical tilt', NASA
t [istorical Rcli'rence Collection,

Samuel C. Phillips ( 1921-19901 was tlained an alt electrical engineer at the I rniversitv of Wymning. but ht' also

participated in the Civilian Pilot Training Program during Wm'ht War 11. [port his gladuation in 1':),12, he

enlt're(I tht' Army intantp,' but soon transferred to the aix t,mqmnent. As a _+.ung, pihm lit" st't.:ed with dlslinc-

tion in the Eighth Ai_ Iguce ill l'h_gland----_'arrmlg two distinguished flying crosses, eight air medals, and tilt*

French croix de Iguerre--hul he quitklv hecanle interestcd in aerollaulical lesearch alld devehqnnenl, lh'

became involved in the development ot the incredibly successthl B-52 bomhel in the eal ly 1930s and headed tim

Minutenuul inlercm/tinental ballistic missih' program in the latter part of the decade. In 1964, Phillips, by Ihis

tinle an Air Force general, was lent to NASA to head the Apollo hmar landing program, which, of comse, was

imique in its teclmological attomplishmenl, lie went back to the Air Force m the 1970s and commanded the

Air Iq_lce Systems Ctmmmnd prior to this retiremem in 1975. See "(,on. Samuel C. Phillil)s of Wyoming,"

Con_,,te*_irmal Ile_ortL August 3, 1977,. b;-IB689; Rep..lohn W.Id and (;In, Sarah 11. l-m net, "Sam Phillips: ()tit' Who

l.ed ['s to tilt" Sit,on," ,\_4..'gA AHit,ilie_, Ma_./lune I.qt.lO, pp. ]8_-19; obituary in ,\'¢w )brk "lTt_'ws, Fel)ruarv 1. 1990,

p. DI.

William H. Pickering ( 1910- ) obtained his t)achelor's and master's degrees in electrical engineering and then

a Ph.D. in ph',sics from Cahech betine hit tuning a prolk'ssor of electrical engineering there in 1946. In 1944, he

organized the electronics ett_.)rts at the.let I'mpulsion 1.aboratoo: (JeLl to support guided missih' research and

dt",elopment, becoming prt_ject manager tbr Corporal, the tirst operational missile that .IPI. developed. Frmn

1954 to 1976. hc was director otJl'l., which th'veh)ped the first U.S. satellite (Explorer 11, lilt* th'sl successful 17.S.

citcundunal space probe (Pioneer IV). the Mariner tlights to Ve,nts and Mars in the early to mid-1960s, tim

Ranger photoglaphit missions to the Moon in I.qti4-65, and the Stuwe,,or luntar landin,<s o[ 19fi6-(i7. See

"l'ickering, William t1.," biographical tilt', NASA I listorit al Retk'Fence (:olhrction.
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Richard W. Porter was an electrical engineer wlu) w(Hked i)11 missile ]lrograms with tilt' (;eneral Electric

Clmapany before working on Earth sciences programs at the Nation d Academy of Sciences. In 1964, he was the

acadcnw's delegate m the Committee on Space Researdl (COSPAR). See "Assorted G<+vernment ()fficials," bio-

graphical file, NiZSA Historit'al Refkweoce Collection.

Frank Press ( 1924- ) setwed as President Carter's science advis(lr. From 1981 to 1993, lie setwed its l)resilh'nt

of the National Acattemy (+| Sciences. He received a Ph.D. in ge(lphysics fr(ml ('(llumbia Univet_sity in 1949. See

"Press, Frank," biugraphit al file, NASA I tistorical Reh'rence (k+llection.

Howard Pyle (1901/) w2Ls the Relmblican governor o[ Afiztma honl lqS1 to 1954. I te then became an ;+.ssistant I<_

President Eisenh()wer in 1955. l)ufing _brld War It, he wiLs a Pacilk" war ('orresl)oi+dcnt lin the American Brlladc_Lsfing

Staff<re. See ++,h0[+ L+Ti++in AIneff+a 1958-1959, 30th edili(n+, vol. 2 (Chicago: Marquis Who's Who, 1959).

Q

Donald A. Quarles (1894-19:'¢.)) was de|luty secretary ot + defi'nse between 1957 and 1959. Just after W*whl Wal

II, he had been a vi(e t)tesident lirst al the _rl'Stl'ttl Electric ( ;mnpany and later at Simdia National l+al)oratories,

|)llt ill 195.'_, he at(e[)te<i tilt + position +)f assistal+t set +etar', +of (|ef,_'t+se {research ill+(| deveh+l)nwnt), lle was also

set'retail' of tilt' Air Force between 1955 and 1957. See "()jtarles. l)onald," biogra|lhical lilt', NASA llistofi<'al

Reli'rence (_otlection.

J. Danforth (++Dan") Quayle ( 1947- ) served in the Indiana Nali<mal (;lJa+(| [rtml 1969 to 197.r). hl 1974, he was

admitted to Indiana's Bar ant| began practicing in lhmtington+ It+ 1976, he was elected as a Republi< an to tilt"

ninep,'-ilfth Congress and was reelected t(i the ninety-sixth Congress. hl I_JS0, he was elected to the U.S. Senate

and tiwn reek'cted in 1986, serGng until 198q. He resigned to bee(role U.S. Vice President under George HW.

Bush [rom 1989 to 1993. A.s Vile lh'esident, he chaired tile National Space (_oum il and had significant involve-

merit with tile devehlpment l+f the Internatillnal Spate Stall<|n, Space Sin+tile replacement options, the Sllacc

Exploration hfitiative, and NASA nlanagement. See P, Tm'+ I!+T+o it+ Amel+/ta 1988-19,_¢9, 4r+th edition, vtll. 2

(Wihnette, lI.: +Marquis Wllo'S Wh_), 1q89); [):it+ Qttayle, Standing l'Trm: A I'ice 15e._idential Alemoir (New York:

Harper Collins Publishers, 19tl't).

R
.

M.L. Ralnes was dire(-tof <)[ the Safet_,, Reliability and Qllalit}' AY,Sllrall( e Division at Johnson SI)ace (:enter in tilt +

1970s.

Bernard P. Randolph (1933- ) has degrees I chemistr)., ele(trical engineerin R, and business adtninistration

and has c(+mph'ted the inograms ill the Squadron Officer School, Air (kmlnland and Staff (]()liege, and Air _Vaf

(k+llege. tfe heht various assigmnents at l+incolrl Air F<me Base, Nebraska. and l.os Angeles Air Forte Station,

Calitimfia. In 196tt, lie served in Vietnan't as an airtifl operations officer at Chu l.ai and airlift coordinator at Tan

S++n Nhut Air Base. Returning tt> tilt' United States in 197(I, tit" was assigned t(_ Air Force Systenls (_omnland

headqttarters+ In 197.1, he returned to l,os Angeles Air Force Station. In Iq78, he assunwd fesp( is It ; tin

space defense sys[elltS itl ,%})a(;e Division headquarters. Fftml 1980 to 1':)81, he setwed its vice comnuuldel <+t tilt +

Warner Rt)bins Air lxlgistics (|enter, R_+bins Air Force Base, Georgia. He then m(,ved to the Olt]ce (it the l'h'lnttv

(]hiet of Staff, Research, Development, and Acquisition, at the U.S. Air Fotle Headquarters in Washingt(m, D.( :.

tle returned t(i l+os Angeles ,-kit- Force Station in 1983; the tollowing year, he became vice ct,mmander ¢)t Air

Forte Systems (kmmland. hl 1985, Ranth+Iph returned It+ Washii+gl,+n and served as deputy chiel of staff" till

researcl_, de'+elopnle,th and acqttisition. In 1987, he becanw ctmmlan(h'l. Air F()rce Systems (;lllllllland, Andrews

Air F(>fte Base Marvlal+d, at tilt" same time attaining lilt' rallk ill general. See "(;elleFal Bernard P. Ran(Iolphf

U.S. Air Fllrce bit>graphy, Se('reta_) (ff the Air Force, O[tice of Public Aftairs, Washington, D( 1.
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Ronald Reagan ( 1911- ) was the tbrueth U.S. Presidrnt tiomJanuary 19_1 until 1989. During his presidenc L

the maiden 1light of the Space Shuttle to_)k place. In 1984, he unandaled the construction o|an (wbitill space sta-

riot|. Reagall de(laved thilt "Alllerit'a has a]wavs bet!it 'd,tealesl whcll we dared to be grcal. Vl'e Cilll l earh li>r gl'l+ilt -

heSS again. "O,'c tan tolh)w our dreams to distant stilrs, living and worki+lg in spate list peat etHl, ct <H+<_++lil, al+d

scientific gain. l;cmighl I am directing NASA to develop il permanently maimed space stilt+on and to do it wilh-

in il decade." Set* S,,Ivia D. Fries, "2001 to 1994: Ihflitkal Environment and the Design ol NASA's Spatc Station

S_stem." "1;'_h,,&k,3' a,d ( "ultuTe 29 (luly 1988) : 568-93.

Eberhard EM. Rees (1908-) was deputy director tor lerhnical and so+entitle matters ill tile Marshall Space

Flight (:t'mt'l. A graduate of the Dresden Ins++lute of +lF(hnok)g_', he began his career ill rocketry it+ 19411 when

ht' |)ecallle lechnicitl i11_1111Ill+lilt+get of the (;el'ltlall rot ket CCIltel +ill Pt-el)elll(+lllde. I It' (allie Ill tile 1 !lliled Slates

in 1945 with yon lh:um's rocket learn and worked with xxm Braun at Ft)rl Bliss, 'li.'xas. moxing to thmtsvilh' in

1950 when the Army trilnsfi+rred ils rorket ilclivities to the Red++<me Arsenal. lte st'rved its dcpu0, <lir<+t t_w _)1

developlnent .ptqatitms lit the Artnv Ballistic Missile Agency trom lt151i to 1960. In 197tl, lit' sis++celled xon

Brilul+ as director of the Marshall Space Flight Cenler. Ite retired in 1973. See "+F+berhilrd Rees+" hiographicill

tile. NASA tlistorical Reti:rence Collet lion.

Donald B. Rice 11tl39- ) received il Ph.D. in et rest.nit s |rom Purdue [rnJvetsitv in 1965. In tlw mid- to late

191_,{Is, Rite servt.d in ,.rari_)tts +taft positions at the Dt'partnlenl ot Defense. From 19711 Hntil 1972, Rice st'lved as

its++slant director _1 the Ollice ol Managenwnt and Budget+ with +espollsil)ilily I_)r s( it+hi e, It+t hnl)h)gT, and spilcc

program,+, am_m_ others. Ite then became president and thief executive ot]icer of the Rand Corporation, a

nail.hal security think lallk+ Flolll 1.9_9 to 1993, Rice served as s¢'cl'elar'¢ (it lilt" Air F(_tce. Set + (;COl_e _+1. _ritlso+l.

.Iv., Serletat+tes a.d Chi+Js +_]Staff o/the l,'_+itetl Slates A/r I,'one: Bio,t.,Taphiral ,Sket, h,._ a.d Pr.hail+ (Washington. D(:: Ai+

Fmce llistorical Support ()11ice, 19991.

R. H. Rice 11904- ) was an ilerospare engineer, tit" was presidenl of lilt' I,os Angeh's division ot North

American Aviation hotn 1t135 +mill 1961, later becomin,, 4 lilt +chiefengineer. See Who's Who in Amevira 106.t 14J65

33rd edition+ x<d. 2 (Chi(ago: Marquis Who's Who, 196g0.

Sally K. Ride ( 195 I- ). tilt' tirst Amcritan woman to Ily in spate, was (llostm as an ;tslrol]at+l in 197_ and serxed

as a mission sect ialist on ST:S-7 in Itlg3 and oil STS ,I1-( ; in 198,t. ,";he also solved :is a m<qnht.+ _I the lh csidential

(',.remiss+oil c>n lilt' Spate Shuttle ('halh'.+¢e+Accidcnt it+ 1986, and hom 19;";6 lo 1987, shc t hailed a NASA task

fk_ite +hilt plt*palt'd at lt'pl)rl (ill lilt' fttture ol the tivilian spate l_toglilm, lith'd Leader+h+p and Am,,*Pqra's l"utu_e in

,";pa+w (Washillgton, I)C: [I.S. (]+(IVCrlIIIIPIII Printing ()llict', 19871. She resigned from NASA in 1987 t_ join the

t:etHt.i li._l lnterl+iltiomtl SPIIII-it'v illld Arms (',onluld ill Stantbrd UnivevsJlx+ She left Stantord in 1989 Io aSS+lille

tile direttotship of the Cilliibrnia Space Institute, part of the Universit_ of Cillif,)t nia at San Dieg(_. See "Ride,

Salh K.." hi_>gHphi_ill tilt'. NASA ttisl+wical Reference Cotlet tion.

William P. Rogers 11913- ) wits t hilir ufthe presidentially mandated blue ribbon t ommissi<m in'+estigaling ttlt-

Chall.".ge+ ilccidel+t in January 1986. It tbund thilt tilt' tifilure had resulted Iron+ a pool engint't'ring derision--

Iht' list' litall ()-lint'd, to seal joints ill the solid lilt kt'l ho_slcr Ihat was susceptillh' to litihHt+ ;ll I{)w tt'mpe+aturcs,

inlr_)<ll_t cd inn<_t cntly ent_ugh years earlier. Rogers kepl the t_nnnfission's analysis on a le_ hnit al levcl and dot'-

umenled lilt" l)robhqns in exceptional detail. The commissiotL illtel +Sl)ll+e l.odding I)> N.bel 1'l+ize-wii+ning sti-

enlist Richard P. FcHtn+an+ did il credible job of grilppling wilh the teclmoh+gicall?, difli< t+h issues associated with

the at cidenl. See I_epmt .jibe 15whh..tial ¢'+ommis_ion on the Space ,_']HiItle Chalh,.g.,,_ A_ident, lbl. I (Washingt<m, 11¢ ::

I'.S. (;o_t'rnmeiH I'rinting ottlce,Jtme 6, 19861.

Milton W. Rosen ( 1915- ), an electrical engineer bv trilining,joined the +tat1 of the Naval Research I+ab_+ratoP,'

in 1!t.111, whet+' he _wked on guidance systems fbr missiles during W+wld War II. From 1947 to 19r_5, he was in

cha_ge ot Viking, r.t ket dexelot)tnent, th' was terhnicill dire(t.r ot I>rqit.( t Val]gUal d, Iht + st lent+lit Earth silt<q-

lite pro,teal++, until hi. +(fined NASA in Orlol)er 195,'q i+_sdire+ IOF ot launch vt'hicles alid piopulsitm in 111£+.• ()tti(e

ot Manned Spate Flighl. In 1963, he I)ecame senior silent+st fin NASA's de]Jul_ as+or+ale administ+alH+ ib_

delcnse altair+, ttc lalcl bc<ilnle deputy associate ildnlinistriltor lbr spate science long+nee+in/). In 1971, hc

retired from NASA Io bet+rote executive se_relary of the Space S(ience Board at the National Acadt'tn+x <_I

Sciences. See "Mih<,n W. Rosen," biographicill [lle, NASA Historical Reh'+t'nt e (:ollt+_ litre; Milton W. Rosen, 7"I++'

I'ikiP+ K t¢od_el Strut (New Y_+t k: Har])er, 1955).
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Robert M. Salter, Jr. (1920- ), was a physici,;t who wotk<'d vdth North American Aviation (1941i--48), tit(' Rand

Corporati(m (1948-.r_4). l.ockheed Aircralt (]OTnl)am (19_;4-59), Qtmntatron, Inc. (19l:,0--G2), and Xerad, In(.,

since It.l(_,2. lie was resp<msible for much el tilt" early thinking ill Rand tm tile possibility of an artificial Earth-

orbiting satellite. St',.' "Rand Corp. No -021::,2," file, NASA tlistorical Ref_'rence Collection.

Eugen SAnger (1905-1961) was an Austrian scientist '_hose ideas about reusable spacecraft were commemtlrat-

ed ill a lgblOs (',ernlan desig+ll li:+r a rwo-stage laun( h sVstt'tll that carrie,; his ,false. See F.. S£illger, llaketen/lu,gtechnik

(1933), wlmse English versi<m is l_+.ck+'t t:/ij,d+l E,,lkOn?,"rmg (Washingtcm. I)C: NASA gF 1"-223,1965); "Eugen

S/inger," I)iogral)hi(al file, NASA Historical Reti'rence Colh'ction.

Bernard A. Schriever (1910- ) earned a B.S. ill architet ttmd t't'gineering tiom Texas A&M University in 1931

and was ctmlmissioned in the Army Air Corps Reserve in 1933 afler completing pilot training. Following broken

sepAce, he received a regular c<mmtission in 1!)38. lte earned :in M.A. in aeronautical engineering tiotn Stanti)rd

ill 1942 and then flew sixty-three Cl)lnllat missions ill B.-17s with the l!)th Bombardment (;roup irt the Pacific

Theater during WorM War It. In 1¢.)54, he became cotnmandcr c_l the Western l)evelopment Division (soon

renamed tile Air Force Ballistic Missile Division), and li'om 1959 to 1966, he was commander of its parent orga-

nization, the Air Rest'arch and Deveh:,pment (kmmland (renanled lh(? Air Force Systems (:(Itl[llllatH'l ill 1961 )+ As

such, he presidect over the (levek)pment of thc Atlas, Thor, and Titan missiles, which sel+'ed not only as milita W

'+,'eapoll systelllS but also as Iioosters for NASA's space missions. 111 dexeh_ping these missiles, Schriever il'Slitttte(l

i| s}:stt'nls al)proa( h. wherel+y the ,,'art(ms _Omllonenls of the All:is and succeeding missiles tmderwcnt sinntltane-

.us design allll te_,tlng as part of an i)verall %veapons systetll." Schriev<+l . als(i introdnced tile ntlti,i)Ii of concttr-

rencv, which has beell given varitms itll('lTJlt'tatiolls but essentially alh:,wed the conlpc, tlents tit the missiles to elliot

production while still m the test phase, thereby speeding up deveh)pnlenL I le retired as a geneJal in 19ti6. See

.lacob Neu|_'ld, "Bernard A. _-hriever: Challenging the 1hlknuwn+" Makel_ o/the I mired Stales Air l"mre (Washington,

I)C: Office of Air Force 1 [istol3', 1986), pl)+ 281-306; Rolwrt 1,. Perry, "Atlas. Tilt." . . .." in Eugene M. Einme, ed.,

A Ili_lm): o/16_+het 7,;,the0/0&,,; (Detroit: Wayne Slale tTni,,etsity Press. 1964). pp. 144-(50: Robert A. Divine, The

Sputnik Challenlge: lii+:nhowe_ i_ Ilelpm+se lo the Soviet J_ateaite (New "6irk: ()xtiwd l.!niversit.,' Press, 1993), p. 25.

George R Shullz ( It,120 - ) served am dilect.t +if tilt' Oflit c of Managcmcnt and Budget attt'l 1_.170, dming tilt'

Nixotl administralion. Betore that time+ he had bern Nix_m's secretary of labor. Dmmg the Reagan administra-

tion (1981-89), he served as sectt'tal'v ill state. See "Shlfltz. (;el/lgt' P.," (:l+rPYTl/ lJioKraphy Yeallmok 1988,

pp. 525-3(1.

Glenn T. Seaborg ( 1912- ) earned at l>h.l), in l)hysit s hom tile L ni'ersitv of (:alili)vnia ill Berkeh+_ in 1937 and

wolked on the Manllaltan Prt!jecl ill Chicago during World War II. Afterward, he betame associate director of

Berkeley's l+awletlc(' Radiation l+at)oratot),, ,.+;hele he alld associatcs isolaled several trallsllralliC eletnellts. For

this work, St'aborg received Ihe Nobel Pri/e ill 1951. tie atst_ st'rved ;is chair of the Atomic Ener_, C<m+_mission

betweell 19111 and 1971, and then he retmned t_) Ihe t_cttltv otthe University ot Calitin-nia at Berkeley. See David

Petechttk, "(;lens T. Seaborg," ill Emil)J. M(Murlav, ed.+ Nolab/¢ "l'++,entiHh-(>_ttmw .S'cietlli+t_ (New Y<_rk: (;ale

Research Inc., 1995), pp. 1803-<11:).

Robert C. Seamans, Jr. (1918-), had been involved in aertlspace issues since he completed his Sc.I). degree

at MIT in 1951. I{e was on the tacully at M]*I"s deparlment <ffaetonauti(al engineering from 1949 t<l lttS_, when

he joined the Radio (:orl'_<,ratitm of America (R(',A) its inanager otthe Airb<_rne Systems 1.aboratot T. Ill 1958, he

became the chief engineer ot the Missile Eh'ctr<mit s and (:mllr_)l Divisi<nl and i<_ined NASA in 1960 as asso(iate

administrator, Ill l')ecemtxT 1965, he I)ecann' NASA's delmtY adlninistrattl_: [-te left NASA in 19(;bl, and in 1969,

he bec,_lllle se(Fetar's of the Air Forct'. servit]g itntil I.tl73. Se;tlllallS was president t>t Ihe Nati()nal Academ'.' ot

Engineering ft,0tn May 1973 to l)vcemher 197.1, when he lwcame the first adnlinislrator of the new Ener',.,,)+

Researth and l)evch,lmlent Adnliulistrali(m. Ih" returned I() MII" in 1!)77, bee(isling dead ot its School t>l

Ellgilleelillg ill 1978. Ill It)81. he was t'h'tted chair of Ihe 1)t)ard ot trtlstees of Aerospace (_orporation. See

"Seamans, Rt_bert (:.,Jr.," l)eputy Administrator lih's. NASA I Iislorical Retk'rence (:olh'ctitm: Robert (:. Seamans.

Jr.+ Aimb+<¢ al "l_tqr?l_: "l']_e A.r.biolraphy lJ I?obert C. Seaman,s, p: (Washingttm, 1)C: NASA SP-4106, 1996).
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Willis H. Shapley ( 1917- ), the sl)tl ill (.|mous l|arvard aslroltc)mer Harl._ Shaph'y, earm'd a hachelor ot arCs

degree fi-onl tilt' Univel-sity olChi(ago in 1938. l:ron] Ihat p<_int until 1942, he did gradttate work and perlittmed

research in political science and related fiehls at tile University ot Chi(ago. He joined the Bureau ot the I_utlget

in 11_4 '_ and became a principal examiner in 1948. Fronl 1956 to 1961, lit" was assistant thiet (Air Forte) in the

lnneau's miliulc,' division, becoming progressively depu_' chief fi:]r programming (1961-651 and deputy chiet

(19651 in that divisioci, lie also served as special assistant to the director toe space program coordilmtion. In

1965, he moved to NASA as asmwiate deputy administrator, with his duties iucluding supervisior_ of the puhlic

atlairs, congressional affairs, Department of Delimse and iuteragency aflMrs, and internati<mal afliairs offices. He

retired in 1975 bin re j(mwd NASA in 1987 to help it recover ti'om the Chal/el_ge_ disasten tie served as associate

deput', administrator (pt>li<:v) until 1988, wheu he again retired but continued to serve as a consultant Io the

administrator. See "Shaple?,, W.tI.," Ifiographical tile, NASA ltistorical Retkwence (]olh'ltion.

Joseph E Shea (1926-1999) joined the ()ttice ot Manned Space Flight at NASA Headquarters in 191i2. The next

_ear, he was named lilt" Apldh) program manager at NASA's Manned Spacecraft Center in Houston, In 19fi7, lie

moved to NASA Headquarters as deputy associate administrator tor the ()Ilice of Manned Space Flight. Ite

ironed the Raytheon Col]]pany ill 1968 and served on the NASA Adviso] T (_ouncil li]r several years. Shea

returned to NASA as head of space station ]wdesign ett0rts in the early 199l)s and also serw'd as (hair of a task

[t>tt'e that reviewed plans tot the Ihst sep,,icing mission of the Ilubhle Space 'l_'lescope. tit + was an adjun(t pro-

lt'ssor of aeronautics and astronautics at MI+I: :Sdter returning tt+ Raytheon, he worked his way up t<_ senior vice

t]rcsident. See '+Shea, .I.E," biographical tile, NASA tlistork'al Reti:rence Collection: "OhituaD: h)r Joseph E

Shea," Brnhm (;lobe, Februarv 16, 1999.

Alan B. Shepard, Jr. (192"+-1998), wits a member of dw lirst group o1 seven astronauts ihosen in 1959 to partici-

pate in t'r0wct .Mercm)_ tte was dw lit'st American in space, piloting Mercm3:Rcdstone 3 (b)+eed.om _, and he was

haiku t) pih]t for Merctn-,'-Atlas 9. I |c was subsequently grounded hecause of an tuner ear aihnent until May 7, 1969

(during which time he sep+,ed as thief of the .&stmnaut Ottice)+ Upon returning 1o ilight stares, Shepard com-

manded Apollo 14, and in lime t971, he resumed duties as chief(i! the :scstmmmt Office. He retired ti-om NASA

and the U.S. Navy on August I, 1974, to join the Marathon (]onstrll('tio]t Conq)any o[ Houston, Texas, as parmer

and c hairman. See ,.Mat] Shepard and Deke Slayton, Moon.s&Jt: "/he Inside S/m 7 ¢!/A menca is ftru'e to the M+um (New _wk:

Turner Publishing, 19941; The ;%tronauts Themselves, I+,[oSeven (New York: Simon and Schuster, 19621.

Milton A. Silveira ( 1929- ) _r_s _ hmgtime NASA emph)yee, who worked at the agency's Lewis Research Center

(195r)-1i3) and Manned Spacecraft Center in Houston (1963-67). He also sep,'ed as deputy nlanager <if the

orlfiter pmiect at .Johnson Space (:enter (1967-81), assistant to the deputy adnfinislrator at NASA (lqSl_"g3),

alld NASA chiet engineer (1983-8(i).

Abe Silverstein ( 190_- ), who earned a B.S. in mechanical engineering (1929) and an M.E. ( 19341 troul Rosc

I_tllvtet hllit lllstillttt', was a h_l]gtitlle NA(_k nl;lllagel, tie had worked as an engineer at the l.angley Ael<_nauti(al

l.aboratop,' hetwecn 1929 and 1943 and had moved to tile l,ewis l,aboratotv (later Research Center) in a slit'-

cession ot management positions, Ihe last (1961-70) as director of the center, tnletestingly, in 1958, the Case

Institute of Technology had awarded him an honorary doctorate. When "E Keith (;lennan arrived at NASA trom

(_ase, Silversteiii '++,';isol] a rotational assignment to the Washington headquarters its director ot the Office (tt

Space Flight l)e',reh]pment (later the Office of Space Flight Programs) front the position ol associate director at

l.ewis, which he had held since Iq52. During his tirst tour at l,ewis, he had dire_ wd investigations k'ading to sig-

niti(ant improvenlents it] reciprocating and early turhojel engines. At NASA I leadquarlers, tit- helped (reale and

dilc¢ t Ihe t+lli_t Is leading t<+ tile spaceflights of trisect Mercury that estahlished tilt + tcchnicat basis for tile ApolhJ

t]rogram. ;sus l.ewis's director, he oversaw a major expansion of the center and the (tevelopnlellt of the (;enlallr

launch xehicle, tit+ retired from NASA in 1970 t(t take it position with Repuhlit Steel Corporati(m. Set" Virginia

I'. I)awson, I'+)q.,7_+esand Ivtm+vatim+: l#wi+ l+abmzltm'y aml .,lme14catt Ih++puLsion l_'+hmdokr_" (Washington, I)C: NASA

SP-4301i, [991 ); "Abe Sihelstein+ '+biogral+hical file, NASA ttistorical Reteten(c (;<fllection.

Samuel Knox Skinner (1938- ) was a<hnitted to the Illinois Bar in 1966 and was an assistant L.S. attorney in

Illinois lrom 1968 to 1974. He became a U.S. attorney in 1975, going on to be a partner of Sidlev & Austin m

(:hicago fmlu 1977 to 1989. In 1984, he became ctaairman of Regional Transportation Authority in (;hi(ago. tit*

then served its President (;eoKge Bush's secretar), ot transportati<m from 1989 to 1991, when tit' hecanle thiel <+t

stat! tbr the sltme adnfinistration. See "Samuel Skinner." hiograF, hical lile, NASA 1 listorical Reti+rence Colle(tion:

L4,7/ols IVho bl Ameri+a 1902 1003, 471h edition, w>l. 2 (New Pr<widence, N]: Marquis Who's Who, 1993).
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Murray Snyder ( 191 I-I (.)69) began his career as a rel)orter for the S.. ,4.hmi0 l.ight and then moved to New Y(irk

to be a political writer. I le '+vr(lte |i_r the ?_'_n(, )_;Pk l'.+t and lht" +\5"_+e}brk lh>raM 7}41;n.e he1(+re he( otnitlg assistant

press st'eretauy for the While l|otLSt" between 1953 and IG157. Stlv(ler theI+L he(ame assista.t secretary o[ delense

[or publit allails l})n the Hext filur years, lolh)wed hy ptt.sid('nt of Murray Snyt|eF Associates, a ptLhlic relations

l]rv]n. See |+'hi+ V[Z,+ t+7+. iPi ,,Inu'r/ra 1969-197_, xol, V ((:hi( ago: Mar(fills ",%'h(l's \Vh<), I t173).

AtheLstan F. Spilhat)s ( It)l I- ) is a promiuent nwte(wologist al New York [ +nivel'Sity ill lhe mt'te+-)roloh) T department

that he li)unded. Fr()tvl 1949 Io I(.161;, he ,,.,;;is lh{' deall o! the Institute (if Techuloh)g'y at the University of MinllesotJl.

hi _("_.'])tenlIPer ]9(+.t), he _r_ts clef'ted 1)residetlt ol the Alllt'li(all Ass(>< iali()tl tilt the A(Ivancen]ent of _'ietwe. He later

l't'tlll'lle)l Io New Y(lrk Ui)ivel_ity..*'4A'e "Athelstall S])ilhallS," hiogral)hita] |lie, NASA 1 listorical Refi'rence (:ollecti(')n.

C. Starr ( 1912- ) is a physicist and trig|liter and is rioted fiir his work (in the Manhattan Pr()ject. Educated at

Rensselaer Polytechnic Instilute, he has worked in hoth intdttslrial atv:| sch(Plarly research. After his work at Oak

Ridge, he went Oil 1_O hecot])e all expert in it(oil)it energy alld iItl(']ear rt'aClOl-S, as well as other fields+ and he

currently dire('ts the Atomic hldtlslry Forum. See American Men lipid V)bmen o/S:ience: 1098-1909, 21)th edition,

v()l. (+ (New Providence, N_I: RR B(iwk(:r. 19991, p. 1201.

H. Guyford Stever ( 1916- ) was a lll_tjor ('olHriblll(>r llOt olllv l<) [-F.S. Air Force scientiiic and technical pr<)gvess,

hut to the ads|iris(ration of American science as a wh<)le. A dislinguished protc'ss,)r (it aerorlautica[ ev)gineering

at MIT t)om the 1940s throtugh the 1960s, he made vilal discoveries )elaling Io aerosl)aev science. While under-

taking these responsibilities, he also eslahlished hiunselt as a l)rime technical advisor t(i the Army Air Forces and

the Air Force (in questions relating lo radar+ guided missiles, and space, lie helt)ed found the Air Force science

orgat)izati(ln, and he self, red wilh Dr. Theodore yon K_irtn+ixl in compiling Ihe seminal rep(irt, 7owa)d New

th.'izon. Noted t'()r tit(' rep()rt that hears his )lapse anld Ihal selwe(t to transfi)rm the Air Research and

Deveh)|)nlellt (]()nlnlalld t(i tile Air For(c SyslelllS (:OITIlllallfl, Slever Spellt t_VelllV-<)ne years t)ll the ,hit + Forte

Scientific Advis<)ry Board. Fie later worked as the llresident ot Carnegie Melh)n UvLiversity and, finally, as the

White House s('ielwe advis()r under the Nix()n and F()l(l Administ_ati(Jns. lit' also seP,'ed as tile head of the

National St|erie(' F(')unldati()ti, See "Ste'-,el, H. (;ttyt(lrd," tli(igt aphi( al file, NASA Ills(or|ca| Refeuencx' (:*.)llecti(in.

Homer|. Stewart (1915- ) earned his doct()rale in aer<)tlaulics fi(IXll (:ahe('h in 1940,joining the th('uhy there

Iwo years belt)re that. In 1939, he tlarticipaled in Ill(inter|rig rcicket research wilh ()lher Calte(h engineers and

s(ientists, in([ttding Frank Malina, in tile tb()thills <)t l)asadena. Out ()i Iheir e[l_)rts, Ihe |el I))'()pulsiout

I+ahoratory (]]'l.) arose+ and Stewart tllaililained his h,,teresl in HI( k++'trv at that itlslitution. ]|e ++++isinv(llved ill

deveh)l)ing tilt+ first An)erican satellite, l",xl)lorer l, inl 19F)_. In that year, <)n leave l++otvl (:alte(h, lie became direc-

tt)r of NASA's Office ()t l)rogran+ Planning and Evahtatiol), rettLrtlitl_ to |el. ill I(.160 in a variety of p(>sili<)ns,

intluding thief(if the Ol|]ce ()f Advan('ed Studies trom 1(`163 |() 191+7 and prol_'ssor (>Faerc)nautics at (:alteeh. See

"Slew,art, H(imer," bi(')grallhi(al file, NASA ]listorical R('lbFell((" (:c)lh'(ti()vl: Clayt()]l R. Koppes, .]l)I+ and the

American :)[m(e laro[_'am: A tti_to+y _[ the let I_P_+]ml_i:)Pt lab.))it.P) (New tlaven, (:'l': Yale Uulivel'sity Press, 19821,

1111. 23, 32, 44, 47, 79-80, 82.

Ernst Stuhlinger ( 1913- ) was a n)ember o! yon Braun's l'eenemih+(le rocket team who came to the United

States t_)llowing W()rld War [1 under ]h+ojetl Pallercli P. Dr(ring his tenure at Malshal[ Space Flight (:elites+ he

directed the ('arly plan)ring tilt' lu0)ar ext)loration and the Apollo Telesc<)pe mounlt that was flown (m Skvlah. He

was also responsible fi)r the eaHy l)lanufing on the F]igh Ellerg_: r AstlOllOlny ()bseP,'atory and the ccmtrihuted I()

the inilial l)hases ol the Space Teles(ol)e l'r()ject, AI:ler retiring from NASA in I(.175, he coil(|sued avl Earthbolmd

e×lellsion ot his work ()n illlerl)]al)etary electlie prop)llSiol) t))r rese;|l(hillg all(1 adx'o(alillg ele(lri( cars.

Sllu])lingel has received l+unlerous prestigiotts awards, aiHhoued nlllilerol.ls hook and technical articles related Io

realised arid ill]l_lanned space at:liP|lies, and helonged to a llllmher ot _l()led scienlitic societies. See "Sttlhlillger.

Ernst," hiogral)hical tile, NASA l list(irical Reti'rence (:ollection.

George P. Sutlon 119211- ) was a H)(kel (qlgineeu: Born in Austria, he canoe to Iht' I hmed Similes ill 193_ and

was naluralized in 1944. lie _as a research engi.eel at Aer(_jel Engineering (:(,rllur_(fi()n fronl 1943 111 11.14(i.

Sutton then he(ame the n)allager o|' advanced design fi)r the Ro(-ketdvne division of North American Aviation

holll I{.141+ l(i 1958. For a Iw()-vear interinl, he worked al the I)el)arltnetll of [)eft'llse as the chief scientist ol lilt"

A(Ivante(l Resear(h Projecl+,, Agenl_y hel,.)ve returning Io the North Auneri('at_ A',iati(>n in 1960. lit + w()n many

awards, including the Pendray award, and has written ultHl)et'ous works, See L+,Tm:+ V.?++>iP+ Amm+.'r+ 1064-1(>'(SS.

:+++I'dedition, ',ol. 2 (Chicago: Marquis Who's Who, I(.)(+71:).
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Norman E. Terrell ( 1933- ) was appointed the ass+)<` late atlministrator liar policy at NASA in 1984. t It" has h<`'M

ttJteign Sel_.ite itll(l dt>nlestic career positions since 1963. tie was +.tssistltllt director ol the Art+is (]++lllll+l illl(I

l)iNill+lll;llllellt Agency, deputy 0,ssist:+tnt secret;try ,t)l stale [ill _.1i'd'lit e Hlld lelhl|(llo_r}; dire('tOl + ot intt'rllalillltal

altO+its at NASA. an(t it mt'mb<`'r of the stMt at the Nuclear Regulatory (:tmmfi_,sion+ Set + *+'li'l rell, Norman E., ++bio-

graphical tile+ NASA Historical Reti_rence Collectitm.

James R. ("J.R.") Thompson, Jr. (1937- ), became deputy administrator of NASA in 1.tl89. Bet_rehand, hc had

served its dir<`'cmr of NASA's Marshall Space Flighl Cent+'+ in tttmtsville, AI;tlmnut. th+ had assumed his llositi<m

ill Malshall on Septenfl:,er 2':1, 1986, atlet having served three years as dCl:,tHv dirt'ctot li_r tot hnical q>l:,erations

at Princt'ttm University's Plasma l:'h)sics l+ab<mmJry. Front Marth t<l Jtmc 1981i, hi' ,,+,'its vi,.e-t hair <_l thc NASA

task li>rc<`' inquiring into the caus++: ill tilt' Space Shuttle Challe,_Zer accident, lit: lit'gall his (illel.'l+ ill 19(i0 as a

devch+pment engineel with Pratt & Whitney AircHft in XAi'st Pahn I++each+ Florida. Itc joined the rt'st';|rth and

dc',ch)tmleut leant at Marshall in H)63 as a liquid pt_qmlsion system engincc+ responsible tilr tim+pont.n+ dcsign

itlltl p<`'l [i)tlniulte analysis associated will+ the J-2 engine s?,stem on the Saturn lamwh vchit h'. In lgG(i, he loincd

thc Space Engine Section in th,.' fi:)rm<`'l Pmpul:+i<nt and Vt'hit:h' Elt_ilIe<`Prillg Laboratory at Manshall and became

chicf of the section in 1968. In that capacity, he was respl)nsibh' Ill+" tit+-' design and test evaluation o1 attxiliarv

s|);tte enginc tmqmlsicm systems ti>r the Sit|urn and exl)erinwntal small intelplanetar> l++rolmlsitm systems, lit

196¢.t, Thtmtpstm transtiured t_ Marshall's +,+_strtmauti<`s l,aboratory, where he served its chiet ot tht" Man/Systems

Integration Branch from 1969 I<l 197,t. In +Sell+ember 1974, he wits named manager t_J tht' Main Engine Prt!wcts

()Rice at Mmshall, where he was reslmnsible ti)r lilt' deveh)pnlent and _+peration of the m(>sl advanced liquid

prt)pttlsit>n rocket engine ever d<`'veh_ped, lie served in thltt i)(+siti(m itlnliJM ti_ml the beginning tfl early devel-

i)plnent testing on the Space Shuttle n|itill engine tluough thc inilinl Nhtlttle tlights. In February 1982, he was

named associate (ti_ect_n [i)r <`'nginet'ring in Marshall's Scion<`-<`. and Engincerijlg l)irect_nate, l_)lll ill (;reenville+

South (:artflina, h<`' graduated tr(ml lh uid 1lilly 1 [igh Schl+ol in Atlanta in 1954. | t<++was nwarded a bachelor t>f

scien('e +lcgree in aer_mautical enginet'ring fi'om Georgia Tcch in 1958 and a master <if silence tlegrt+c in

mc(hanital cngincering hxml the l/ni',ersitv (if Fl<lrida in 19(';?;. I It' ha+_ <_mllJl<`.led all course xv_>_k at the

[llli'+.t'rsitv <_f Alabama toward a Ph.D. in tluid med+ani<s, tie st'r_,_'d its a lie++tenant ill lilt + U.S. Navy t111111 l!)Sb_

tt> 1960 and was stationed at (;l+et'n (,'live Springs, FltMda+ its an athninisllativc otticer in the Atlantic Fleet. Upon

lea',ing NASA in It.)91, he cntert+d private Imsiness. See "Thomps_m+ J.R," l)elmt } Administl:at<H + tiles, NASA

I[isttlri(al Reiiqent e (it+llection.

Robert E Thompson ( 1925- ) began his ca_cer as an aeronautical engineer with the NA( :A in 1947, ttc heM

a series of increasingly responsiblejol)s at NASA, including manager t_t the Ap_llo Applit atiuns ptl>grmn and _>t

the Space Shtltlle prog]am. Ilc I('lit_.'(l ti<+ln NASA in 1!)81 and Ihetl at ccpted a jl)t) with .Mcl)_mnell l)_mglas

l't+chnit al St'r"+ril't'P+ (:()Illl2111lt_++'ill 1 llnlSlOI+. Nee "Th_mll:+S<m , R_W_crl," bi(igraphi,_al Ill,.', NASA I lisl_+ri<al Rcli+ren¢-c

( i_+llct li<m,

A+O. Ti+,+chler.jl+int*<l tilt" NAt ]A as a chemical engineer on the stalt tit thc l+ewis l.at)olatory in 1942. tte remained

there until his transfer Ill NASA lh'adtluarters in Washington, D.C., in 1t)58. Fr_+m November 1961 mJanuar}

193, he served as the assislant dire+ t_n [i)l prtllmlsion ill NAS;Vs Ottice ot Manned Space Flighl. In ]anuat), 1t164,

ht' was atlt)ointed diret:u_r <ff the (+heroical Propulsion Division in the ()tlice _t Adxamcd Rcse:tr_h and

'[i't hm_log,,. St'e "'l'ischle_; A.O.," biographical tile, NASA ltistorical Reti'rent'e C<_llecti_m.
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P;-)!JoiS!lt VSVN 'alLt ll_-)!ttchu_°!g .+'J'+nt "a!"lsAmll°!_l_- +_'_S 'st.u_tF_ UI_!L; a->t_d_' +_1j_a sl! m s_,),),)ns I),)laad

-xatm t|ans pat|_++|dtttoaat+ pi+t I uopt:l I,_+,'.¢+S .'+ill ._._-ol I ptn+is.lapun ol It(_ll_I+ slll+J+.l.+ttl¥' tl.>tl,X+. 's091_ [ pUP, SOC<+_,l
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,)ttl +,{l!_ttu_O.l.)!ltl tl! ltl,).l.)iltl ! sa!l!l!q!ssod |ltil_ Sllt.llttOld ,Itll "ii,l_(x_l p!nll!t plli_ tl.'l_l).ll)_(t | p!nll!l st_ tl.)ll_, +,,/.llllX!Ui

t,itlj '__lDl_;Ot)([ +i_l_lS!llnm 'o.)tit+tll.lO+i.l,id ,)lll_tl.) .)_llU_ I)l ,ISltldttl ! +lltla,+ds :+{1+|)Ol sl.}_l.)O.l I1! I),lSll ,([tlottittl<13 said

-i,)tlLId ++_tlt+.ttl I_10 s+lpttls p+i.l,it(l.li{t (IS[l+ .ill "[<)AILII ;(.lltl,itlt+ldJ,lltl! _ll!liillloJd ptltt 'stit>llt_i_ D.)l+¢l++ [t+llqlo _tllti_!s;'ll)
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'bf/'_ 1 Ul "++llpnis II+-)!Utl -)')l .)liS.llid I)1 L_til.l+l)l% _ Ill tU!t I lti'}+; '+ltl<i.llt(l Sill 'ilO!l/Lilit)'l slit -l')ttl'll{t ()_ "_ltl,)Ultt-il+tl! .I,)l(l(I
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put! +l.)tl+ll.)_; llLInli+tl ill) +_miq! I +;,IDttll{t Sltl ttlO.I t +_1()(_(I _lll_;il +{|)ill++ ltl.ipii<id,lptl! l)._l,ll+l_; +tl0,_l+ltl(tJ ,}_i+ lit +pill!
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VS\"N 'S-_ltt l°llUl+'!ti!tup\ ' ,,"1t IJ-ii_il-)!'_l tip;) "rl ',qn,tL,, ._./_ "l_ltil_ll V u! .lilll!i_ul il i.ll_,l_,l _ tl._.tl+ I-_!_.loD'<) Dtll .f o

.llli,l.l+i!p ptlt_ itt,)p!s.l.id ,).>!. +, .lliliL),lq ,it t "\.'_;\.'_ _tl!+_+l_,l l i,IUV +ttnu_o.l¢l ,llliliil. _ .Ittl '_+¢1-'_u!put_l ptit! tl.ltiin_ I ltt_!u

isii t .itll _ld_+]#l<+Hl#lf)jo .hlpili_itiillO.) _;1__l!J +l "_;_61 '_+_-i')tltU'lld'i_-(.lf+_ l_li_li%,," tlO (_' [._) lll_!l t puo.).)_ _!ft '.lli_(l_; tll

ti_vlli!.tt)+l '+_t oi lJlLl+10.1i_d_; p,>lot!d is.ii t atll sl_ ltll_)ll!ilT!t+ "(_j._) /Jlf_l,l+!ll_lJ_j .Io i_ll!d _l_ '[b16I +bl-_>l -I<Kttii'lAll_ +;tiLer

itl_!ll 'l')t_d_ i_-n.t s!H "'lliintt_ ')ill pl i_,)i lt!i!gio i_.nl ,Ittl '1__1=5; lltl l°l!d dt_l _l_q _l_a_ ll,lill ,I I | "Z.LiH _li!-iilt) _lil_!Lt

1_0) _ltl!ptll+ I ptil+ ttal_o.iddt_ <_W.u_++,/u_,t ,illllill_ ,I.)l!d.%,"it-A ,>tll ,_l,/lt ll_t|l s.++,,,).l.) lt/l_tlO.ll'+l_-o,xtl ,)t[I I 0 ,Itl(I .It_t lOl!d

_l+_+_ all "lJlLi)J!l! i,i! tn_!l!Lt!a |JliE {+It_l!l!ttl sii<l.l,lilititl ti! S.ili¢ii I llll_"_ tit_lli ,i.l(liii ll.i_7Ol ,{in.lL "llll_ilOil_;E pill! 'l_ll!tl
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V

James A. Van Allen ( 1914-- ) was a pathbreaking astrophysicist best known for his work ill magnet<_spheric

physics. Van Allen's Janum T 1958 Exph,ver I experiment established the existence ot radiation belts--later

nanted li_l tile scientist--that encircled Earth. representing the,' opening of a broad research fiel¢,t. Extending

outward in the direction of the Sun approximately 41),000 miles, as well as stretching out with a trail away from

the Stln to al)proximately 370,000 miles, the magnetosphere is the area dominated by Earth's strong magnetic

field. S¢,'e.]ames A. Van .Mien, (hTgins oJMagneto.*pheric l'h_'._ic._ (Wasllington DC: Smithsnnian Institution Press,

1983); David E. Nt-wttm, "[atnes A. Van Allen," in EmilyJ. McMurray, ed., Notable 7iventieth CeTlturv Scientist._ (New

Y_n-k: (;ale Resealch Inc., 19951, pp. 20711-72.

W

L.L. Waite (1907- ) was the chief of aelodynanlics at Berliner-Joy¢,e Aircraft (then Nortb American Aviation).

He held many positions there, including assistant oh)el of aerodynamics, thevntodynanlics arid flight t¢,'st, assis-

tant to the president to organize guided ntissiles ol)¢,'ration, vice president in ¢,harge o1 guided lnissiles, ¢ontro]

¢,'quipment and atomic energ_ lesearch, an¢,t seuior vice president of the organization. See Itlm'_ Who in America

Iq04-1%5. 33rd edition, vol. 2 (Chicago: Marquis Who's Who, 1965).

Alan T. Waterman (1892-1967) was the first director o[ the Nati((mal Science Foundation from its tounding in

1951 until 1963. Waterman received his Ph.D. in physics from l'rinceton University in 1916 and then served with

tilt' Atrn_,'s Science an¢,l Resealch Division during %k)rld War I. tie was on the facility o["t_de University between

the two world wars. He was with the War Department's Office of Scientific Research and Development during

World War II and then with tbe Office of Naval Research between 1946 and 1951. He and NASA leaders cnn-

tended over control <,1"the scientific projects to he trader-taken hv the space agency, with Waterman's National

Science Foundation being used as an advisora; body in the selection of st>ace experintenLs. See "V_'ateril)al), First

NSF tlead. Dies at 75," S*wme 158 (l)ec¢,'nlb¢,'r 8, It.J67): 1293; Norviss S. 1 letherington, "Winning the," Initiative:

NASA and the U.S. Space Science Program," I'lvlog.ue: 7"he.pmrnal _?[ the 2%?*tional Anhive_* 7 (Sumner 1975):

99-108;.]nhn E. Naugh', I"il_t A mo_lg EquaL_: 7 he Selection o/_\;'tSA Spme S_ielt_e t(xpel4ments (Wasttington, It( :: NASA

St'-4215, 11.191 ).

James E. Webb (1906-1992) was NASA's administrator betwe¢,ql 1961 and 1968. Pr¢,'viously, he had be¢,'n an aide

It) a congre,,_stnan ill New Deal Washington, an aide," to Washington law_:er Max O. (_ardner, and a husi_less exec-

utive with Sperry (]twpt)ration and the Kerl_Mc(;ee Oil Company. 11e ha¢,l also been director of the Bureau o1

the Bndg¢,'t betw¢,'ell 1946 and 1950 and under secr¢,'lary of slate fvonl 1950 to 1952. See W. []CllI_" l.ambright,

Powering Ap.llo:.]ame_ F. Webb oJNASA (Baltimore, MD: Johns I lopkins University Press, 1995).

Ca._par W. Weinberger (11_17 - ), a Iongtime Republican government official, was a senior member o1 the

Nix_m, Ford, and Reagan administrations. For Nix_H, he was deplJty director 119711-721 and Ihetl ditettol

(1972-761 of the ()ltit'e of Management anti Budget. hi this (apat ily, had a leading role ill shaping the ¢,tirec-

lion of NASA's nl_jol t'ft_lll of the 197(1s, tile development -fa reusahle Space Shuttle. For Reagan, he serv¢,'d as

secretary o1 defi'nse, ill which he also oversaw tile use o1 the,' Shuttle in the early 1980s fin tile launching of clas-

s)tied l)epartntent tJ D¢,'lkqlse payloads into orbit. See "Weinherget, (;aspal W(illard)," CurTent BuJ_7aphy }ka)_mok

197_, pp. 't28-30,

Albert D. (Bud) Wheelon has spent his lit_" in the world o1 science and advanced tecitnolo_', llis first work was

|ilcllsc¢l on guidance systems fk)r long-range ballistic missiles alld eaviv space projects at TRW, Inc. He joined tile

Central Intelligence Agetlcy ill 1962 and se_'ed as the deputy director tot s¢,'i¢,+nce an¢,l technolngQ' until 1966.

During that time. he receive¢,t the Distinguished [ntelligt'ttte Medal t_tl his wolk ill the c_+lle(ti<m of techni¢,al

illtelligence. He began "e,'orking ;.it tht' ][llghes Ailcrall (]Ol|lpall_,' ill ]966 all(t I_)llr veals ]_|tcl was givell I{_sp{ill -

sihililv fi_t Illtitding 11ughes Space and (]Olnlnunicatiolls (_tt)tlp. Ill 1987, he was natlled chief executive," oflicel

and chaillnall t_1 |111.' hoard at ][llghes. lie retired ill May 1988. His pultli¢,' scl_4ce w<+rk inchtdes tittle on the

1)eft!ltse S_ience Board, the Plesidetlt's Foreign [ntelligeln e Advis(_l T l{nard, and tile Presidential (]_)lntnission

o¢,1 tile Space Slntttle (.'hall_.ngerAc¢,:ident. lie received a B.S. ill engill¢,'eritlg front Stalltk)rd [.fnivclsilv ill 1_.)'t_}

and a Ph.D. in physics ilolll MIT itt 1952. S¢,'¢,' "Wheelon, Albert," hioglaphical tilt:, NASA llistorical Refk'rent e

(]o[]ection.

664



Walter C. Williams (191¢`)-1995) earned a B S in aerospace engineering fron/l.ouisiana State L niversity m 1939

and went to work tilt tile NAt'& in 19411, serving as a pr_!iet I engineer to improve the handling, maneuverabili-

ty, and tligfit characteristics of WorM War [1 fighters. Following tile war, he ',vellt to what became Edwards Air

Force Base to set up flight tests ti)r the X-l, including Ihe litst hllmall supersonic flight by Captain Chuck Yeager

in Octoher 1947. He became tile |imnding dit*'ctor of the organization that became Dryden Flight Re;earth

Facility. In September 195-tt, tie assurned associate directorship of the new NASA Space Task Group at Langley.

crealed to carD* out f'mject MercuD'. He later became director of operations tor the prelect and thert associate

director of NASA's Manned Spacecrafl Cenler in Houston (subsequently renamed Johnst`m Space Center). In

1963, Williams moved t. NASA Headquarters as deputy associate administrator fc.r the Office of Manned Space

Flight. From 1964 to 1975, lit' was a vice president t_n Aerospace Corporation. Then from 1975 to until bis retire-

merit in 1982, tl(: served as NASA's chiet engineer. Set' "Walter (',. Willialns," biographical file, NASA Historical

Retiq-ence Coller lion.

Charles E. Wilson (1890-1tlfil) was an electrical engineer with the Westingllouse Electric and Manutacturing

('.ompany fiom 1909 to 1¢,)19, leaving th;lt position to become chief engineer and t_tctolT¢ manager of the Delco

Remy Company U/ltil 1926, whel] he becamt`' president. In 1¢`12¢`Lhe became vice president of (;eneral Motors

( ;orporati.n tbr tell years, moving up to t.!xecutive vile president and then president from 1941 to 1953. becom-

ing chief executive otticer in 194fi. In 1953, Wilson bet;the the litth st+( It+larv of defense, serving during the

Eisenhower admmistrati_m unlil 1¢`157. tie retired ti-()ill the Pelllagl)ll itl 1!157. See 1!,7w Wa,_ _$7w in Amerira

1961 lg(J& vol. IV (Chit ago: Marquis Who's Who, l!lfiS),

Robert G. Wilson ( 1934- ) is a nuclear physicisl wtm has worked at North American Aviatitm and Rockctdyne.

Also specializing in electron;t;, Wilson attended Ohio State I/tfivetsity, we;me he received his Ph.I). in physics.

tits work has ti)Cllsed till SellliCotldut tillS, i(lll ilnplalltali(HI, elt+tlrOll arid ion t'lllissioll, and experilllelIta] l()w-

energ T nuclear pfivsi(s. See :lmmcan Men a*td IL_mwn o/SHen**': 199¢_'-199R _()tb t-dillon, vol. 7 (New Providence,

.Ni: RR Bowker. 19¢`1¢`1),p. 812.

Y

John E Yardley (1¢`125- ) was an aerospace engineer who worked with McDonnell Aircraft Corporation on sev-

eral NASA lmman spaceilight prRjet:ts between the 1950s and tim 19711s. He also setwed as NASA's associate

administrator li>r the Office of Space Flight I)etween 1974 and 1981. Tl'*el'eatter, lie returned to McDonnell

Douglas as president ( 1981-881. See "_lrdhw, John E," I)iogral)hical tilt', NASA [tisloHcal Reference Cc)llection.

Charles E, ("Chuck") Yeager ( 1¢`123- ) was the U.S. Air Forte lest pilot who piloted tile X-I research aircratl

(m the first sui*'rsonic powered tlighl in 1!147. There;lieu hc served in several Air Force positions, retiring as a

brigadier general. Fit" also sevced as a member .f the Presidential ('.¢mmfission on the Space Shuttle Challenge_

Accident in 198ti. Set' Chuck Yeager, })'a_,'_ (New Y,)rk: Bantam Books. 1¢`182).

Clayton Yeutter ( 1930- ) started out as a farmer and rancher in Nebraska in 1957. While mainlairdng tiffs job,

he bet alne a menttler of the [hculty ot the University of Nebraska in lfie Department _tt" Agricultural Economics.

tit`" was admittt.'d t. tile Nebraska Bar in 1'.11,3. Tiuee years later, lie received his Ph.D in agricultural economit`s

front the Univt'rsitv ot Nebraska. lit`' hehl se'.eral government positions in the iblh)wing years, becon/ing senior

partner of Nelson. tlarding. Y_etltter t_ [A'l)llart[ [i+oln 1¢,177 to 1978. lie [hell wet/t oil to become president and

chiet executi',e otticer ot the (:hit ago Mercantile Exchange, a position he lleld until 1985 when fie became the

U.S. trade representative. In that capacity, Ire led the American team m negotiating the U.S.-Canada Fret' Trade

Agreentent arid helped latmcb tilt" lit(I-nation Uuttguay Rolmd of (;ATF negotiations. In 1989, YetLtter ,,vats

al)pointed secretat T ot agriculture under Presidenl (;eorge Bush. lie held thai title until 1991. 'Flit' following

year, he be(ame advisor to tht_' president 1or domestic policy. Set`' l._,Tmk 14"ho in AmeHra 1990-1991, 41ith edition,

vol. 2 (Wihnette, 11,: Marquis Wlm's Who, 19!|1 ),
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Herbert E York (]t,12_+-) had bet+i +, associated with scientitic reseavcll ill support _t ]lati_mal titqense since +

World Wal II. lit + was director of tilt + [,ivermore Radiation 1.aboratot T fl>r the University ot Calilornia bcfi+re

moving to the Department of Dcfi:nse in March i95S as <hief scientist ot the Advanced Researth I'r¢!jt+t ts

Agency. lie became the Departmenl q_f l)ei_+nse's director o[ researcil and engineering in l)e(end>er 1958 dur-

ing a departmental reorganization; this was tile third-ranking civilian office attel the secretary' and deputy sec-

relaFx ot defi'nse. He served as director oideli_nsc lt'search and engineering until 1961. Ih" then moved to the

University _>t(:alili)rnia al San Diego as chancellor and pr<)tessov of physi(s, tte also served ;is a member ot tiw

Prt'sident's Science Advisory (]Ollllllitlee tinder both l'_is(inhower andJollns_>ll and was late] chit't ll('_()lialOF t_)l

the t qmlpvehensive test ban during the (:after administvati<m. See "Dn Her-bert E 'J%rk." lilt)graphical Jilt', NASA

t listorical Ret_+rence Collection; Herberl F+ Y_>rk. Maki,g_ Weapon+, "l'alki,,_ I+eare: A t+h)+iri+l's O+h,++e ) /tom
ltiro_hima to (;e,e_,a (New "fiwk: Basic Books, Iq87).

John W. Young ( 1931)- ) served ;is a fighter pilot and lest pilot belorc Iit'ing cht_sen with tilt" second group of

astrt)natltS in 1!16_. tie was pilot of(;emini 3, backup pilot ot (;emini VI. < otlHliand pilot fi_r (.emini X, backup

command modtde pih+t tbr Apollo 7+ command tnodttle pilot ofApulh_ 1<), bac kttp commander li. Ap<dh> 13,

conlmander tbr Apollo I li (the ninth to walk on the M_+<u+), and batkttp commandt'r _d Apolh_ 17. He retilt'd

[iotn the Naxw on September 31), 1976 and served ;is the chiet ot the Astrt)_laut ()lt](,t.. ||c filch ((imtllalldCrt'l tilt'

tirsl Space Shuttle <wbital tlight test (S+I'_I) at+d then S'1'_9 (Spatelab 1)+ bet_)ming the tirst pc_n_m to tlv ill

sl)at t' six timcs. (_urletttlv. he scr,.cs an special assist:,,,, t. tlw <litecl_w ,,I J,dms.u Spacc (_tqlter lot t'l+gi,,t't'titt_+

¢_perali_ns. atld sali.t'+, aI'td hc te]nait+s an ;tctixc H_e,nbe_ <)[ the astl()ll_ttll (_)ips. _.l+e "_>llllg, John 1.4.+.." bi++-

Krapili_ al lilt'. NASA llistorital Relt'tence (:olh't li_m.
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